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Executive Summary 
Foam bitumen stabilisation (FBS) is a pavement rehabilitation technique that binds the 
granular material together with bitumen. Foamed bitumen is being applied to the existing 
road pavement in North West NSW between Narrabri and Moree on the Newell Highway. 
This section of the Highway is prone to pavement failures due to the expansive black clays in 
the area. Foamed bitumen is now being trialled to see if an increase in flexibility can help 
increase the pavements life span. The report focuses on monitoring Tycannah foam bitumen 
stabilised project and the Bellata foam bitumen stabilised project between Narrabri and 
Moree on the Newell Highway. The success of the foam bitumen is important for this remote 
area due to the costly exercise of carting road-base. Therefore in order to determine whether 
it will be successful, monitoring the recent projects is vital. An extensive amount of research 
into the foam bitumen process was undertaken with this study as to achieve an understanding 
on how the process works. Once an understanding was achieved, the field data on each of the 
projects was collected and analysed to help determine if the construction methods or 
materials used are the cause of any pavement failures. This in turn assisted with monitoring 
of the project sites after construction. Through monitoring the project sites it was found that 
longitudinal cracking was occurring at the different foamed bitumen projects. Due to the 
cracking core samples from the Tycannah FBS project were taken to investigate the resilient 
modulus (stiffness) of the pavement. The results of the cores showed high resilient modulus 
which is due to the addition of too much lime, although the main reason of the cracking can 
be put down to the expansive sub-grade soils. Therefore further monitoring and tests on the 
foam bitumen projects will be needed to achieve a better understanding of how to achieve the 
optimum foamed bitumen mix design over the expansive clay between Narrabri and Moree. 
Therefore foam bitumen stabilisation between Narrabri and Moree on the Newell Highway 
needs further research in order to determine whether different mix designs will be successful. 
In order to achieve this more FBS projects will need to be undertaken with different mix 
designs. 
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Chapter I 
1. Introduction 
Foamed bitumen stabilisation is a pavement rehabilitation technique that uses the existing 
and/or imported granular material and binds it together with bitumen (Leek & Jameson, 
2011). It has been used in NSW before but only recently been applied to the existing road 
pavement in North West NSW on the Newell Highway. The Newell highway is the main 
inland distributor from Victoria to Queensland. The Newell highway in North West NSW is 
well known within the Roads and Maritime Services (RMS) for cracking and pavement 
failures due to the highly expansive black soils found in the area. Traditional construction and 
rehabilitation methods using lime and cement binders have been used in this area. Lime and 
cement binders are used to increase stiffness and achieve high early strength of the imported 
and/or existing unbound material and in turn can be re-trafficked earlier after the stabilisation 
process. The lime or cement binders that are incorporated into the pavement structure over 
the top of a high expansive black clay subgrade are more susceptible to cracking due to the 
high amount of movement in the subgrade. Foamed bitumen is a slow setting binder that 
increases the strength and ductility of the pavements structure, which is why it is now being 
used in the area. The following report will focus on a number of foam bitumen stabilisation 
projects that have been constructed on the Newell highway between Narrabri and Moree. 
These projects will be monitored and analysed to try and determine whether foam bitumen is 
an appropriate rehabilitation technique to use in north west NSW on the Newell highway.            
1.1 Foam Bitumen Stabilisation Process 
The foam bitumen process is achieved through the injection of cold water and air into the hot 
bitumen in the expansion chamber (see Figure 1). 
When the hot bitumen is subject to these conditions 
it has an instantaneous expansion of approximately 
15 times, foaming additives can also be added to 
the bitumen to enhance its foaming properties. 
Typically the foamed bitumen contains 
approximately 97.5% bitumen, 2% water and 0.5% 
foaming additive (Ramanujam, et al., 2000). The 
foamed bitumen is then dispersed into a large 
Figure 1  - Foaming process of bitumen with the injection of 
water and air  
(Source: Conway, 2009) 
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mixing drum with the existing and/or imported material through numerous nozzles (see 
Figure 2). The fine aggregate particles within the pavement material after being mixed are 
coated with the fine mist of foam bitumen 
creating a uniform matrix binding the 
material together (Kendall, et al., 1999). 
The foamed bitumen collapses rapidly and 
therefore needs to be mixed in vigorously. 
Currently there are two different approaches 
when stabilising with foam bitumen. 
Foamed bitumen stabilisation can be 
produced by either in situ stabilisation (see 
figure 3) or using a central plant through a 
pugmill-paver operation (Kendall, et al., 
1999).  These two methods are outlined here below (Ramanujam, et al., 2009): 
In situ mixing – the existing pavement material is milled to the designed depth and the 
bitumen is mixed directly into the pavement with the existing material without its removal 
from site.   
Pugmill/paver – the existing material is milled and hauled to a central batch plant where 
foamed bitumen and additives are added and followed by thorough mixing. The modified 
product is then hauled back to site for laying. 
Figure 2 – Foam bitumen stabilisation mixing process  
(Source: Hiway Stabilizers Ltd, 2014) 
Figure 3 – In-situ stabilisation using foamed bitumen on the Newell highway near Bellata 
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1.2 Project Outline  
The foam bitumen stabilisation process has been developing quite rapidly over the last few 
years with a high increase in use by RMS of NSW. The RMS is currently in the process of 
developing a standard (R76) that can be used to ensure quality is achieved at all FBS projects 
in NSW. This project will focus on a few of the FBS projects that have recently been 
undertaken between Narrabri and Moree on the Newell Highway. The main aim of the 
project is to assist in determining whether FBS is the most effective process in dealing with 
improving the condition of the road in some areas along the highway, due to the high amount 
of stress the highway receives from the high intensity of traffic and the expansive subgrades. 
The report will provide information on the processes undertaken at each project as well as 
results on the performance of each project.   
1.3 Project Objectives 
The main objective of this study is to determine the effectiveness of foam bitumen 
stabilisation process and how it can be implemented and applied to the existing road 
pavement of the Newell Highway in North West NSW. To achieve this, the report will: 
 Provide an overview of foam bitumen stabilisation processes; 
 Provide a literature review on the history of its use;  
 Review the literature that helps to achieve a better understand in the area of study and 
the resources used in FBS; 
 Determine what is considered the most effective method or process of FBS; 
 Provide detail on the processes used on the FBS projects that have been undertaken 
within the area of the study;   
 Provide all relative data collected from the construction phase of the projects that can 
be used in determining the effectiveness of the process when monitoring the projects; 
 Provide an analysis of the results of the different projects;  
 Discuss and analyse the findings from the investigations of the different projects;    
 Outline areas for further research;     
 Discuss the future of FBS on the Newell Highway between Narrabri  and Moree and 
other recommendations that should be considered 
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1.4 Project Methodologies 
The following methods that have been taken in order to complete this report and the 
objectives outlined above are: 
 Conducted extensive research in foamed bitumen and the materials used within the 
process, as well as the types of machinery used;  
 A work placement at Narrabri in the Regional Maintenance Delivery (RMD) office 
where most of the field research was undertaken; 
 Undertook the role of the Project Quality Representative (PQR) for one of the main 
foamed bitumen stabilisation projects (Bellata FBS – Stage 2) conducted in the area; 
 An extensive research and observations into the methods of foamed bitumen 
stabilisation undertaken in the study area; 
 Monitored the FBS projects that have been undertaken in the area of study; 
 Contributed to discussions on the future use of foamed bitumen in the area based on 
some of the findings from previous projects. 
The literature review has been undertaken using numerous sources to help gain historical 
background and technical information on the foam bitumen process. The field work and 
research that has been undertaken during this study have been completed under the risk 
assessments and Safe Work Method Statements (SWMS) generated by myself and RMS. The 
main SWMS used during the study were: 
 Pavement construction 
 Working around moving plant 
 Traffic control 
 Lone worker 
The SWMS, risk assessments, project induction, along with workers on foot training has 
given me the skills and aid to conduct my research in a safe and effective manner.        
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Chapter II 
2. Literature Review 
This chapter contains a compilation of all the relevant information found readably relative to 
this study during the literature review.    
2.1 History of Foam Bitumen Stabilisation 
The use of foamed bitumen as a soil binder was first realised by Dr Ladis H Csanyi in 1957 at 
the experiment station in Iowa State University. The bitumen was successfully foamed 
through the injection of steam, during this foamed state Dr Csanyi discovered that the foamed 
bitumen could be mixed with a variety of soils to improve their properties and produce a road 
building material (Jankins, 2000). The addition of steam was successful and convenient for 
asphalt plants where steam was readily available, although this method proved to be 
impractical for in situ foaming operations due to the need for specialised equipment to 
produce the steam (CSIR Transportek, 1999).  
In 1968 Mobil Oil Australia acquired the patent rights for Dr Csanyi’s invention and 
modified the original process of using steam by developing a low pressure cold water system 
in the late 1960’s and early 1970’s. This system provided a controlled stream of cold water to 
be mixed into a stream of hot bitumen and mixed them in a specially designed chamber 
which was then delivered to a spray bar and distributed through spray nozzles. This method 
was unsuitable for some situations due to the bitumen content not being able to be delivered 
accurately, therefore there was no actual certainty that the mix produced was homogeneous 
and furthermore the jets were prone to blockages (Maccarrone, 1993).  
The oil crisis of the 1970’s and the rising bitumen prices made the process less attractive to 
Australian markets. However, the development of foam bitumen stabilisation continued to 
develop with advances in the equipment and mix designs (Anwar, et al., 2009). In the 1980’s 
and 1990’s Mobil continued to research and develop the technology that the systems and 
machines of today have now employed. This system employs individual expansion chambers 
which allows the quantity of foamed bitumen to be controlled when being distributed. Mobil 
also developed a range of additives to control the life and expansion of the foamed bitumen 
(Anwar, et al., 2009).This foaming technology made the foam bitumen process become 
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considerably more practical and economical for general use and in situ stabilisation (Kendall, 
et al., 1999).  
Due to the patent protection by Mobil, work was severely curtailed. Following the lapse of 
the patent rights in the 1990’s, interest in the process resurged with various foam bitumen 
mixers commercially available for purchase (Jankins, 2000). Some of the main in situ 
stabilisers used on the roads in NSW today are the Wirtgen WR2500 with the water and 
bitumen spray bars for foamed bitumen which was introduced in 1996 and the WR2400 both 
of which have a working width of 2.4 metres, and the Wirtgen WR2000 with a working width 
of 2 metres (Vorobieff & Wilmot, 2001). As a result in the lapse of the patent there has been 
an increase in the use of foamed bitumen, especially in North America, Europe, South Africa 
and Australia (Smith, 2003).    
2.1.1 Queensland  
The Queensland Department of Main Roads (QDMR), Pioneered the revival of foamed 
bitumen stabilisation in Australia in 1997 (Anwar, et al., 2009). The process has become 
more widely accepted having stabilised more than 150km or 350,000 𝑚2 of road pavement 
(Ramanujam, 2009). Main Roads have also carried out a number of trial sections that are 
being monitored for educational purposes, four of these trials are mentioned below: 
2.1.1.1 Gladfield  
Gladfield was the first of the four trial sections which was undertaken in May 1997 on the 
Cunningham Highway approximately 21km east of Warwick by Stabilised Pavements of 
Australia (SPA). The trial section was approximately 1.2 km long with a construction width 
of 10m. The section contained a CBR of 30% clayey gravel overlaying a CBR of 2% black 
soil, the trial section was stabilised to a depth of 200mm in the inner wheel path and 250mm 
in the outer wheel path using 3.5% bitumen and 2.0% cement additive (Kendall, et al., 1999). 
Following the completion of the trial section the pavement was left without any surfacing for 
a period of two weeks and then lightly sealed. The pavement suffered no distress during this 
period (Kendall, et al., 2001). The trial section of the pavement was overlaid in 2000 with a 
160mm of unbound granular pavement material as a part of an overarching rehabilitation 
strategy for the Cunningham Highway between Cunningham’s gap and Freestone Creek 
(Ramanujam, et al., 2009). Before the overlay was constructed the pavement structure 
displayed approximately 10% of minor fatigue distresses and block cracking which coincided 
with the original cement treated patches in areas which have failed due to lack of subgrade 
support and have been repaired (Kendall, et al., 2001). It is believed that the use of lime 
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instead of cement as the additional additive in future foamed bitumen projects will reduce the 
block cracking which coincides with the previously cement stabilised patches (Kendall, et al., 
1999).         
2.1.1.2 Gympie 
Due to the initial success with foam bitumen Main Roads contracted out some more trial 
work on Rainbow Beach Road approximately 170km North of Brisbane (Smith, 1999). SPA 
won the tender for the construction of the trial and completed the works in early June of 
1998. Main Roads tested the effectiveness of various mix designs to a depth of 200mm with 
different combinations of foamed bitumen and bitumen emulsion. The mix designs that were 
trailed are shown below (Kendall, et al., 1999): 
 1.0% and 3.0% residual bitumen from emulsion with 1.0% and 2.0% cement; 
 3.0%, 4.0% and 5.0% foamed bitumen with 2.0% quicklime; and 
 A control section of granular construction 
This project received some rain during the period between construction and sealing. The 
foamed bitumen section held up well and was still trafficable, while the bitumen emulsion 
section became very slippery with some rutting occurring (Kendall, et al., 2001). The trial 
indicated that the early performance of the foamed bitumen was significantly better than the 
emulsion section. However, the long term performance of both the sections has been similar 
(Ramanujam, et al., 2009).  
2.1.1.3 Inglewood 
The Inglewood foam bitumen project was constructed by SPA in late June 1998 on the 
Cunningham Highway just east of Inglewood or approximately 105km west of Warwick. 
This section of road has historically performed poorly due to it being located in a low-lying 
area with adjacent farms regularly flood irrigating. The project was stabilised over a length of 
approximately 1.6km with a width of 9.3m to a depth of 200mm, the mix design used was 
4.0% bitumen and 1.5% quicklime (smith, 1999).  
The project was left unsealed for six weeks, during which time it was subjected to 
approximately 142mm of rain. Traditionally this amount of rainfall would have destroyed 
conventional unbound pavements, although, the foamed bitumen stabilised pavement 
required only minor patching (Kendall, et al., 2001). The pavement performed satisfactory for 
approximately 3 years before deterioration began to appear in isolated areas. After 
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investigations it was revealed that the cause of the deterioration was primarily due to 
inadequate subgrade support. This underlines the influence subgrade support plays in the 
performance of stabilised pavements (Ramanujam, et al., 2009).               
2.1.1.4 Allora 
The Allora project was constructed on the New England Highway during April – May of 
1999 over a total length of 17km. Due to the scale of the project regular monitoring is 
conducted and the pavement appears to be performing satisfactory (Ramanujam, et al., 2009). 
The project was constructed to a depth of 200mm in the inner wheel path and 250mm in the 
outer wheel path with 3.5% bitumen and 1.5% quicklime.    
2.1.1.5 Projects Summarised 
The foam bitumen process, design and construction techniques are always being developed as 
more research is being conducted and more data becomes available through different trials 
and mix designs. The four trial projects that were conducted through Main Roads are 
summarised in Table 1 below.  
 
 
Table 1 – Summary of some of the trial foam bitumen stabilisation section conducted in Queensland    
(Sources: Ramanujam, et al., 2009 & Smith, 1999) 
Gladfield Gympie Inglewood Allora
Date Stabilised  May 1997  June 1998  June 1998
March - May 
1999
Depth Stbilisaed 
(mm)
200 IWP & 250 
OWP
200 200
200 IWP & 250 
OWP
Bitumen 3.5% 3-5% 4.0% 3.5%
Lime 2% Cement 2.0% Quicklime 1.5% Quicklime 1.5% Quicklime
Length Stabilised 
(km)
1.2 Various 1.6 17
Subgrade support 
(CBR)
7 10 5 - 20 4 - 10 
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The location of the foam bitumen stabilisation trials are shown below in Figure 4. The foam 
bitumen trials conducted by Main Roads that are the most relevant to this study are Gladfield 
and Inglewood. Gladfield was constructed over black clay soils and Inglewood that has 
inadequate subgrade support and poor drainage (see Figure 4).    
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Gympie Project 
Allora Project 
Inglewood Project 
Gladfield Project 
Figure 4 – Location of Queensland foam bitumen stabilisation trials 
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2.1.2 New South Wales 
In the 1970’s the Department of Main Roads (DMR) NSW undertook foam bitumen 
stabilisation trials at Hay, Walgett and Sydney. All three trials were unsuccessful (Anwar, et 
al., 2009). Due to the ineffectiveness of these trials the process was not picked up by the 
Roads and Traffic Authority (RTA) (formerly the DMR) until the late 1990’s.  
Since the unsuccessful trials in the 1970’s RMS (formerly the RTA) have conducted 
numerous successful foam bitumen stabilisation projects. Some of the recent projects 
conducted are shown below in Table 2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2 – Recent foam bitumen stabilisation jobs that have been conducted within NSW  
(Sources: Zhang, 2010 & Evans, 2011) 
Location Date Depth Bitumen Lime
St Andrews Apr-06 200mm 3.5% 1.5%
Glenfield May-06 250mm 3.5% 1.5%
Quaama - Princes 
Highway 2007 300mm 3.5% 1.0%
Rooty Hill May-08 250mm 3.5% 1.5%
London Circuit, ACT 2009 250mm 3.0% 1.5%
Narooma - HW1, 
Princes Highway Apr-09 200mm 3.0% 1.0%
Moss Vale - HW25, 
Illawarra Highway Apr-09 200mm 3.5% 2.0%
Picton Apr-09 250mm 2.5% 2.0%
Razorback May-09 250mm 3.0% 2.0%
Eumungerie - HW17, 
Newell Highway Jun-09 200mm 3.0% 1.0%
Batemens Bay - HW1, 
Princes Highway Oct-09 250mm 3.5% 1.5%
Cooma Mar-10 200mm 3.5% 1.0%
Mulbring - Newcastle 
Main Road (MR220) Jun-10 320mm 3.5% 1.5%
Kogarah Mar-11 200mm 3.5% 1.5%
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In order to determine the mix designs and depths for each of the projects extensive testing 
and soil samples are taken in order for the RMS laboratories to create the perfect mix design 
for each different project. The RMS currently has two laboratories that conduct tests on 
foamed bitumen samples. The laboratories have the ability to also conduct bitumen content 
tests from samples taken of site during construction and in situ coring after stabilisation. The 
first laboratory is based in Auburn and the other is the Russell Vale Foaming Laboratory 
which was officially opened in March 2011. The Russell Vale Foaming laboratory was built 
by RMS in the Southern Region of NSW because the Southern Region is responsible for 
around half of the RMS’s FBS projects within the state (Evans, 2011). The RMS is currently 
working on creating a specification for foam bitumen this report will review this specification 
later in this chapter.    
2.2 Advantages and Disadvantages 
FBS is one of many methods of stabilising or modifying the pavement structure in NSW. The 
foam bitumen process uses a low to intermediate bitumen content and low to no lime/cement 
this is shown below in Figure 5 along with other forms of stabilisation.    
Figure 5 – Foamed bitumen stabilised material compared to other forms of 
stabilisation  
(Sources: Evans, 2011 & Jones, et al., 2008) 
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The advantages and disadvantages of the foam bitumen stabilisation process are outlined in 
Table 3 below. 
Table 3 – Advantages and Disadvantages of foam bitumen stabilisation 
Category Advantages Disadvantages 
Strength Increase the shear strength of 
granular pavement (Kendall, et 
al., 2001).  
Whilst foamed bitumen stabilised 
pavement layer are flexible they 
cannot be expected to bridge over a 
weak subgrade. (AustStab, 2008). 
Early strength characteristics, 
after compaction foamed bitumen 
mixes have sufficient strength to 
be trafficked immediately 
without detrimental effects, 
provided the traffic volumes are 
not too high; this is considerably 
more difficult with emulsion 
treated materials, which require a 
longer curing period (Jenkins, 
2000). 
The strength and success of the 
process is largely dependent on the 
grading of the in situ material. 
Material may need to be imported if 
the grading is out of the specified 
range.  
Strength characteristics approach 
that of cement treated materials 
while being more flexible, and 
hence relatively fatigue resistant 
(Kendall, et al., 2001). 
 
An increase in strength over 
granular pavement materials 
(AustStab, 2008). 
Rapid strength gains due to the 
lime or cement content. 
Construction Decrease the permeability of the 
pavement (Kendall, et al., 2001). 
Not suitable for all pavement types 
(Kendall, 2001). 
Lower moisture contents are 
required in comparison to 
bitumen emulsion stabilisation 
and hence "wet spots" are 
minimised during construction 
(Kendall, 2001). 
Design methods are relatively new, 
as a rapid evolution of the 
technology associated with foamed 
bitumen stabilisation has only 
recently occurred (Kendall, 2001). 
Foamed bitumen layers can be 
constructed in adverse weather 
conditions, such as in cold 
weather or light rain , without 
affecting the workability or 
quality of the finished layer 
(Muthen, 1998) 
Purpose built foamed bitumen 
stabilising equipment is required 
(Kendall, 2001) 
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Construction is carried out in situ 
and hence is quicker than other 
methods of rehabilitation such as 
an overlay (kendall, 2001) 
Similar to cement stabilisation, the 
designer needs to plan suitable 
lead-time for laboratory testing and 
design evaluation for foamed 
bitumen stabilisation (AustStab, 
2008) 
Foam treatment can be used with 
a wider range of aggregate types 
than other cold mix processes 
(Muthen, 1998) 
Level of skill required, the mix 
design and manufacture process for 
foamed bitumen mixes requires an 
advanced level of experience in 
order to produce a satisfactory 
quality product (Jenkins, 2000) 
Easy application - The foamed 
bitumen is sprayed directly into 
the recycler's mixing chamber 
(Ramanujam & Jones, 2000) 
The process requires hot bitumen 
for the foaming action to be 
successful (Ramanujam & Jones, 
2000) 
Saving in time, because foamed 
bitumen can be compacted 
immediately and can carry traffic 
almost immediately after 
compaction is completed 
(Muthen, 1998) 
  
Quick method of rehabilitation 
which prevents disruption to 
business or residents (AustStab, 
2008) 
Durability After construction, the pavement 
can tolerate heavy rainfall with 
only minor surface damage under 
traffic, and hence is less 
susceptible to the effects of 
weather than other methods of 
stabilisation (Kendall, 2001) 
  
Increase in durability due to the 
adhesion effects of the foamed 
bitumen. 
Environmental Energy conservation, because 
only the bitumen needs to be 
heated while the aggregates are 
mixed in while cold and damp 
(Muthen, 1998). 
The bitumen is heated to around 
160 to 200 degrees Celsius making 
it unstable and in turn increasing 
the risk of burns. 
Reduced atmospheric pollution, 
with little or no hydrocarbon 
emissions from foamed bitumen 
(Jenkins, 2000) 
  
Environmental side-effects 
resulting from the evaporation of 
volatiles from the mix are 
avoided since curing does not 
result in the release of volatiles 
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(Muthen, 1998) 
Foamed bitumen can be 
stockpiled with no risk of binder 
runoff or leeching. Since foamed 
bitumen remains workable for 
extended periods, the usual time 
constraints for achieving 
compaction, shaping and 
finishing of the layer are avoided 
(Muthen, 1998) 
No waste, high proportions of 
marginal and recycled materials 
in a foamed mix results in less 
impact on the environment due to 
elimination of wastage of non-
renewable resources (Jenkins, 
2000) 
Cost Reduced binder and 
transportation costs, as foamed 
bitumen requires less binder and 
water than other types of cold 
mixing (Muthen, 1998) 
More expansive than lime/fly ash & 
cement stabilisation (Kendall, 
2001) 
Lower optimum binder contents, 
due to the fact that foamed 
bitumen only partially coats the 
large particles, the bitumen is 
more effectively used in the 
mortar of the mix and the binder 
contents of foam mixes are 
generally lower than hot mix 
asphalt (Jenkins, 2000) 
Cost-benefits difficult to prove, 
without reliable long term 
pavement performance predictions, 
the life-cycle cost benefit is 
difficult to ascertain. For this 
reason many clients are not often 
prepared to take the risk of using a 
less well researched product 
(Jenkins, 2000) 
Applicable material types, both 
marginal and recycled materials 
can be used to produce cold 
mixes of varying qualities i.e. 
good quality crushed aggregate is 
not a necessity and locally 
available material can often be 
used, decreasing haul distances 
and other costs (Jenkins, 2000) 
Purpose built equipment - the 
recycling equipment requires 
expansion chambers etc., to carry 
out the foaming and associated 
work. Most other additives could be 
used with an ordinary high 
production recycler (Ramanujam & 
Jones, 2000) 
Additive content - only a small 
percentage of cement or lime is 
required to achieve high early 
strength 
Cost - Relatively more expansive as 
compared to other forms of 
stabilisation (Ramanujam & Jones, 
2000) 
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2.3 Factors Affecting Pavement Design and Performance 
2.3.1 Geographical   
The Newell Highway between Narrabri (Chainage – 835.655km) and Moree (Chainage – 
936.029) is approximately 100.4km long and is constructed over relatively flat terrain. This 
flat terrain has allowed for a straight horizontal alignment through most of the section. This 
section of road passes through the small townships of Edgeroi, Bellata and Gurley. The land 
surrounding the route is dominated by grazing land and agricultural fields (Zhong & Chee, 
2008). Most of the low lying sections of the Newell Highway between Narrabri and Moree 
have been built up over time with various materials, some areas having more than 1 metre of 
imported material.  
2.3.2 Traffic Loading 
The Newell Highway is a major interstate route for heavy traffic, with the volume of truck 
traffic increasing on the route. The percentage of trucks against the total traffic percentage of 
traffic on the route is approximately 30-50% depending on location (Narrabri Shire Council, 
2013). When designing a pavement not only must the current traffic conditions be taken into 
account but also the change in volume, axle loads and composition must be estimated during 
the design period (Jameson, 2012). RMS released a pavement design report providing design 
traffic information with data of the Newell Highway between Narrabri and Moree. The report 
presented data on the annual Equivalent Standard Axle (ESA) loading in 2012 as 8.7 ×
105ESA. The annual growth rate calculated from the historical traffic count data was 
calculated at 0.8%. Using the growth rate from the report, Figure 6 shows the increase in 
loading with years of trafficking.  
 
 
 
 
 
 
Figure 6 – Predicted traffic loading 
(Source: Jameson, 2012) 
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2.3.3 Climate & Weather 
The climate and weather between Narrabri and Moree on the North-western plains is subject 
to hot dry summers and cool winters. The rainfall in the area is summer dominant and 
relatively uniformly distributed for the rest of the seasons (Department of Environment and 
Climate Change NSW, 2008). When conducting stabilisation with foamed bitumen some of 
the constraining factors are to do with the weather and climate in the area. It is stated in the 
RMS specification R76 under clause 6.2 that stabilisation is not to be carried out if the 
following apply: 
 during rain or even if it appears imminent; 
 when the pavement temperature measured at a depth of 50mm below the surface of 
the road is below 15°C; 
 and when the wind is sufficiently strong to cause particles of lime to become air-
borne. 
Under these conditions foamed bitumen is more suited when undertaken in the warmer 
months of the year in order to at least achieve the minimum pavement temperature of 15°C. 
The need to foam bitumen stabilise in the warmer months makes rainfall problematic due to 
the wet season in North West NSW taking place over the warmer months. Although foamed 
bitumen stabilisation can take place in the warmer months when there is no rainfall imminent. 
The rainfall does not only affect the foamed bitumen process but can also affect the natural 
soil that is found in the area and is discussed in more detail in section 2.3.4. The weather and 
climate statistics for Moree, Narrabri and surrounding areas can be found in Appendix A. 
2.3.4 Geological   
2.3.4.1 Expansive Clays 
The dominant natural soil that is located in the Northwest plains between Narrabri and Moree 
is vertosol (Cowie, et al., 2014) or more commonly known in the area as expansive black 
clay. The clay in the area has been found to have a California Bearing Ratio (CBR) of 
approximately 2-3% and a plasticity index (PI) of approximately 45-55%. These results were 
taken from the subgrade material located at the Tycannah FBS project. The clay minerals are 
composed of two basic molecules silicon – oxygen tetrahedron (𝑆𝑖𝑂4) and aluminium or 
magnesium octahedral (𝐴𝑙𝑂6or 𝑀𝑔𝑂6). The silicon – oxygen tetrahedron share every three 
out of four oxygen atoms that are arranged in a hexagonal pattern to form a tetrahedral sheet 
(𝑆𝑖2𝑂5
−2
). The aluminium or magnesium octahedron molecules share edges composed of 
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oxygen and hydroxyl anion groups with Al, Mg, Fe3+ and Fe2+ typically serving as the 
coordinating cation, they are also arranged in a hexagonal pattern forming octahedral sheets 
(𝐴𝑙[𝑂𝐻]6
−3
or 𝑀𝑔[𝑂𝐻]6
−3
) (University of Mennesota, 2009). The expansive black clays 
between Narrabri and Moree consist of 2:1 montmorillonite clay minerals containing one 
aluminium or magnesium octahedral layer sandwiched between two silicon tetrahedral layers. 
The structures of these molecules and layers are shown below in Figures 8.       
 
The swelling or expansion of the 2:1 clay is induced by the water molecules squeezing into 
the interlayers of the crystal structure and in turn the clay expands to accommodate the 
additional water molecules. More specifically it is pedoturbation resulting from the 
expanding and contracting of 2:1 (montmorillonite) clay as water moves in and out of the 
interlayer between individual clay particles (North Carolina State University, 2014).     
 
 
 
 
 
Figure 7 – Hugely expansive 2:1 (montmorillonite) clay 
structure                                          
 
Layer 
Layer 
Crystal 
Figure 8 – The effect of water on the expansion of clay material                                                           
(Source: Arkansas Geological Survey, 2014) 
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Figure 11 – Longitudinal cracks in the road pavement of the Newell 
Highway between Narrabri and Moree in NSW 
Moisture-sensitive subgrades such as silt, clay or silty sand can become unstable if saturated 
by rain during construction. In such cases the surface of the subgrade should be stabilised so 
as to render it less susceptible to the effects of water (Jameson, 2012). The shrink and swell 
process of expansive clay is one of the root causes of numerous distresses in buildings and 
pavement structures. The black vertosol soils that are located between Narrabri and Moree 
are located in various locations throughout Australia. These locations are shown in Figure 9 
below: 
 
 
 
 
 
 
 
One major issue with pavements over expansive soils is dealing with the longitudinal cracks, 
or “dry-land” cracks, that typically develop due to the cracks that occur in the highly 
expansive subgrade soil reflecting through the pavement (Sebesta, 2002). Pavements on 
expansive soil are common in many parts of the world, particularly in semi-arid regions 
(Dajellali, et al., 2012). Figures 10 and 11 below shows us an example of the type of cracking 
that can occur in pavements that are constructed over the top of expansive subgrades.    
 
Figure 10 – Longitudinal cracks in the road 
pavement in Texas  
(Source: Sebesta, 2002) 
Figure 9 – Black vertosol soil location map of Australia 
(CSIRO, 2014) 
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2.4 Mix Design & Materials 
The materials are used in conjunction with each other to assist in forming a structurally stable 
pavement material. The methodologies for foam bitumen mix designs presently applied are 
based on different mix formulations and interpretations. Figure 10 below shows the type of 
steps and considerations that need to be taken into account when producing an acceptable mix 
design.     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 – Sequence of events taken when producing a mix design 
(Source: Jenkins, 2000) 
Mix Design Procedure
Mix Type Selection
- Application (position of layer in pavement, new or rehab)
- Environment (traffic, climate and geology)
- Logistics (haul distance, plant establishment)
- Functional ( skid resistance, drainage)
- special (labour intensive )
Aggregate Selection
- Material type and gradation (if natural)
- Material characteristics (shape, hardness, durability, etc)
- Availability (material sources)
Binder Selection
- Stability  (half-life of foam )
- Viscosity (expansion ratio)
- Compatibility with aggregate
Moisture in Mix
- Field moisture
- Optimum moisture for mixing
- Optimum moisture for compaction
Laboratory Trial Mixes
- Aggregate and binder temperature
- Aggregate gradation trials
- Binder content variation
- Moisture content variation
- Filler content (active and inert)
- Compaction (Gyratory/Marshall )  
Conditioning of Specimens
- Curing
- Field Ageing
Engineering Properties of Mix
- Compression, Tensile and Shear
- Static and Dynamic conditions
- Moisture susceptibility
-Special tests (Run-off, permeability) 
Compliance with requirements
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2.4.1 Aggregate 
When in-situ recycling is applied, there is limited choice in selection of aggregates and one 
has to work with materials present in the existing pavement (Ebels & Jenkins, 2007). The 
unbound pavement material for foamed bitumen stabilisation can be located in-situ or 
imported. The use of the in-situ material is the most cost effective method, although if the 
material doesn’t meet the required specification written by RMS of NSW imported material 
can be used as a top up to mix into the existing pavement layer to ensure the particle size 
distribution is met. If this is the desired method it is critical that the existing pavement is 
shape corrected prior to topping up with different material. This is done to ensure that there is 
a uniform mix of aggregate throughout the pavement layer. The fines content of the aggregate 
is an important factor to consider when stabilising with foam bitumen, because the foamed 
bitumen coats the fine particles (> 0.075 mm Particles). The resultant mix acts as the mortar 
between the coarse aggregates and hence increasing the strength and durability of the mix. 
However, the relationship between the fines content and bitumen content is critical because 
excess bitumen in the mortar will tend to act as a lubricant and will result in a loss of strength 
and stability (Muthen, 1998).  Figure 11 below shows the typical grading curve adopted by a 
few different companies.  
 Zone A - ideal grading zone  
 Zone B - finer material (suitable for low trafficked roads) 
 Zone C – coarser material (unsuitable – addition of fines can bring it into Zone A)          
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Figure 13 – Typical material grading curve for FBS 
(Source: Leek& Jameson, 2011)  
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The typical material grading curve shown in Figure 11 is RMS’s material grading curve for 
low trafficked roads of ≤ 1000 ESA’s. The material grading curve that will be used in this 
study is taken from the RMS specification R76 for roads that traffic >1000 ESA, due to the 
Newell Highway falling into this criteria. The grading curve comparing both traffic criteria’s 
is shown below in Figure 12.   
The grading curve that will be used in this study (> 1000 ESA) allows for a less tolerable 
material grading, and in turn a better mix for FBS. The material grading curve was 
constructed using Table 4 below.   
Table 4 –Upper and lower limits of the aggregate grading curve above                                                                            
(Source: Roads and Maritime Services, 2013) 
Sieve Size (mm) 
Percentage Passing 
Initial daily traffic on 
opening ≤ 1000 ESA 
Initial daily traffic on 
opening > 1000 ESA 
26.5 73 100 100 100 
19.5 64 100 80 100 
9.5 44 75 55 90 
4.75 29 55 40 70 
2.36 23 45 30 55 
1.18 18 38 22 45 
0.6 14 31 16 35 
0.425 12 29 12 30 
0.3 10 27 10 24 
0.15 8 24 8 19 
0.075 5 20 5 15 
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Figure 14 – RMS material grading curve for FBS                                               
(Source: Roads and Maritime Services, 2013) 
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2.4.2 Lime 
Lime is a supreme aid in the modification and stabilisation of soil beneath roads and similar 
construction projects. Using lime can substantially increase the stability, impermeability, 
long-term durability, and load-bearing capacity of the subgrade (National Lime Association, 
2001). Lime can come in a number of forms one of which is quicklime (Calcium oxide - 
𝐶𝑎𝑂) and another is hydrated lime (Calcium hydroxide – 𝐶𝑎[𝑂𝐻] 2). Quicklime is created 
through the chemical transformation of limestone (calcium carbonate - 𝐶𝑎𝐶𝑂3) when it is 
heated to high temperatures, the carbon dioxide gas (𝐶𝑂2) is released and quicklime is 
produced. Hydrated lime is created when quicklime reacts with water (National Lime 
Association, 2001). Soil stabilisation occurs when hydrated lime is mixed into a reactive soil 
like the expansive clay mentioned above. Reactive soils generate a pozzolanic reaction 
between the silicates and/or aluminates in the clay and the lime. The pozzolanic reaction is 
similar to that which occurs in cement. The reaction produces stable calcium silicate hydrates 
and calcium aluminate hydrates. The reaction can last for decades and in turn has long-term 
strength gains (Carmeuse Natural Chemicals, 2002). The pozzolanic reaction between the 
clay particles and lime is shown below in Figures 15, 16 and 17. At this stage the plasticity 
index (PI) of the soil decreases dramatically, as does its tendency for it to shrink and swell. 
The process, which is called “flocculation and agglomeration," generally occurs in a matter of 
hours (National Lime Association, 2004).  
 
 
 
Figure 15 - Clay particles prior to stabilising 
(Source: Carmeuse Natural Chemicals, 2002) 
Figure 16 - The flocculation/ agglomeration of the clay particles 
after stabilising 
(Source: Carmeuse Natural Chemicals, 2002) 
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Lime is used in the foam bitumen stabilisation process for the following purposes 
(Ramanujam & Jones, 2000): 
 Encourage flocculation and agglomeration of the clay fines in the material 
 Acts as an anti-stripping agent to help disperse the foamed bitumen throughout the 
material 
 Stiffens the bitumen binder 
 Improves the initial stiffness of the material and increases the early rut resistance of 
the stabilised material 
2.4.3 Bitumen 
C170 bitumen is the most common and widely used bitumen in spray sealing and light 
asphalt applications to provide durability and fatigue resistance (BP Australia, 2008). C170 
bitumen is also used for foam bitumen stabilisation because C320 bitumen has been found to 
have an excessive viscosity to achieve adequate foaming for stabilisation. In order to measure 
the foaming properties of the bitumen, two characteristics are taken into account: 
Half-life – the time that it takes the foamed bitumen to 
collapse half the volume of the maximum volume. The 
RMS Specification R76 states that the half-life should 
be greater than 20 seconds (RMS, 2013).  
Expansion Ratio – the ratio between the maximum 
volume of foamed bitumen and the volume of un-
foamed bitumen after it has condensed. The RMS 
Specification R76 states that the Expansion Ratio 
should be greater than 10 (RMS, 2013).  
Figure 17 - Pozzolanic reaction causing flocculation/ agglomeration of 
the clay particles 
(Source: Carmeuse Natural Chemicals, 2002) 
Figure 18 – In-situ foaming test 
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The foaming characteristics of the bitumen can be changed with different foaming agents 
(e.g. Teric 311) and foaming agent quantities, as well as through the use of different water 
contents (see Figure 5). The results from the laboratory test shown in Figure 5 show us that 
with the addition of water there is an increase in the expansion ratio of the bitumen but a 
decrease in half-life of the foam. The optimum moisture content is 2% giving an approximate 
expansion ratio of 14-15 times and a 28-35 seconds half-life (Kendall, et al., 2001). 
 
 
 
 
 
 
 
The foaming characteristics of bitumen play an important role during the mixing stage of 
foam bitumen stabilising. It can be expected that with a high expansion ratio and half-life that 
there will be a promotion of binder dispersion within the mix (Muthen, 1998).   
2.5 Foam Bitumen Stabilisers   
The foam bitumen stabilisation process that has been conducted on the Newell Highway 
between Narrabri and Moree has been in-situ. In-situ stabilisation can be conducted using soil 
stabilisers from the WR series manufactured by Wirtgen. The WR series consists of a number 
of different machines with similar capabilities, these machines are shown in Table 5.    
Table 5 – Foam Bitumen Stabilisation Machinery 
Cold Recycler and Soil Stabiliser WR Series 
  WR2000/WR2000i WR2400/WR2400i WR2500 
Description The Compact Option The All-rounder The Top Performer 
Working Width 2000mm 2400mm 2400mm 
Working Depth 0-500mm 0-510mm 0-560mm 
Operating Weight 23,900kg 29,400kg 31,000kg 
Drum Diameter  1480mm 1480mm 1480mm 
Cutting Tool Spacing 20mm 20mm 30 X 2mm 
Number of Teeth 150 170 208 
Figure 19 - Expansion ratio and half-life against moisture 
content 
(Source: Ramanujam et al., 2009) 
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The foam bitumen stabilisation that has been conducted on the Newell Highway between 
Narrabri and Moree has been In-situ stabilised with the WR2400 stabiliser. The all-rounder 
(WR2400) has the ability to complete a large range of different jobs with an impressive 
success rate. The injection system in the WR2400 offers the binding agent a high degree of 
quality and flexibility (Wirtgen Group, 2007). The spray bar that pumps the bitumen into the 
mixing drum consists of 16 individual expansion chambers or nozzles and 1 test nozzle that 
can be used for sampling the foamed bitumen prior to mixing. The hot bitumen (170-190 ⁰C) 
is pumped through the spray bar into the expansion chamber were the addition of water and 
air is injected via separate nozzles. The bitumen foams within the expansion chamber which 
is controlled by a microprocessor, the bitumen is then injected into the mixing drum for foam 
stabilising. This foam bitumen system can be seen in Figures 20 and 21 below.  
        
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20 – Foamed bitumen spray bar system  
(Source: Wirtgen Group, 2002) 
Figure 21 – Pulse controlled piston system that cleans or closes nozzles 
(Source: Wirtgen Group, 2002) 
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The pneumatically actuated pistons give the WR2400 the ability to reduce its width by 
shutting off the required number of nozzles needed to achieve the desired width. The widths 
that can be chosen for foam stabilising are 300mm, 600mm, 900mm, 1200mm, 1500mm, 
1800mm, 2100mm and the full width of 2400mm. It can be seen in Figure 21 that not all 
widths will produce a uniform spray due to the overlap in some of the pneumatic valves. 
When nozzles are closed the microprocessor automatically reduces the binder addition to 
ensure that the percentage of binder remains constant (Wirtgen Group, 2002). The WR2400 
is not only an excellent all-rounder but also environmentally friendly as it fully reuses all 
materials recovered from the existing road pavement (Wirtgen Group, 2007). 
2.6 Construction Process 
Foam bitumen stabilisation is undertaken to strengthen the existing granular basecourse 
material that is showing signs of pavement failures like rutting and cracking. The 
construction process takes the existing and/or imported granular material is mixed with the 
foam bitumen and re-compacted. Figure 22 below shows a typical pavement design of a road 
before and after the construction process.        
 
Figure 22 – A typical pavement design of before and after the foamed bitumen construction process 
(Source: Evans, 2011) 
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The construction process that is typically used for in-situ foam bitumen stabilisation is shown 
in the step by step procedure below: 
1. Pulverisation of the existing pavement and seal. 
 
 
 
 
 
 
 
 
2. Shape correction of the existing pulverised material to achieve a 3% cross fall in the 
road surface. 
 
 
 
 
 
 
3. Spreading and compaction of imported material. Although this is only required if the 
existing material does not meet the required particle size distribution. 
Figure 23 – Road pulveriser mixing the existing road pavement 
Figure 24 – Grader correcting the shape of the existing road surface 
Figure 26 – Grader spreading imported material Figure 25 – Smooth drum roller compacting imported material 
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4. Spreading of the lime over the pavement surface. Although if the lime is quicklime it 
needs to be slaked with a water tanker to activate the chemical reaction.   
 
5. The lime is then mixed into the pavement using one of the Wirtgen WR series 
machine with a water tanker attached to the front so the moisture content can be easily 
adjusted when mixing.     
 
 
 
 
 
 
6. The pulverised material is then graded and compacted with the multi-tyred roller so 
the surface is smooth and compacted for foam bitumen stabilisation.  
Figure 28 – Lime spreader Figure 27 – Water tanker slaking quicklime 
Figure 29 – Wirtgen WR2400 attached to a water tanker 
Figure 31 – Grader grading material after lime has been mixed in Figure 30 – Multi-tiyed roller compacting material 
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7. The foam bitumen stabilisation process is undertaken using the same Wirtgen WR 
series machine with a bitumen tanker attached to the front. The foam bitumen is 
mixed into the pavement after being foamed in the expansion chamber. 
 
 
 
 
 
 
 
 
 
 
8. Once the foamed bitumen is mixed into the pavement it is compacted with two pad-
foot rollers, one smooth drum roller and one multi tyre roller. After the pad-foot 
rollers have finished compacting the pavement the pavement is trimmed and shaped 
with the grader prior to compacting with the smooth drum and multi- tyred roller.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 32 – Wirtgen WR2400 attached to a bitumen tanker 
Figure 34 – Pad-foot rollers Figure 33 - Grader 
Figure 36 – Smooth drum roller Figure 35 – Multi-tyred roller 
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9. The final trim is undertaken using the grader to achieve a smooth ride across the 
whole project. 
 
 
 
 
 
 
 
 
 
10. The bitumen seal is then applied as a wearing surface for the pavement.   
 
The construction process for in-situ foam bitumen stabilisation changes from project to 
project depending on the project specific scope. Although the process shown above is a 
simplified version of how a typical foam bitumen stabilisation project is undertaken in North 
West NSW on the Newell Highway.   
 
 
 
 
 
Figure 37 – Grader undertaking the final trim 
Figure 39 – Bitumen spray sealing tanker Figure 38 – Foam bitumen project half sealed 
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Chapter III 
3. Methodology  
This section of the report will focus on a number of foam bitumen stabilisation projects that 
have been constructed on the Newell highway between Narrabri and Moree. These projects 
will be monitored and analysed to try and determine whether foam bitumen is an appropriate 
rehabilitation technique to use in north west NSW on the Newell highway. There have been 
three main foam bitumen projects between Narrabri and Moree to date. The locations of the 
three projects are taken as chainages where chainage zero is located in Narrabri at the 
intersection of Doyle Street and the Newell Highway. The three projects that were 
constructed between Narrabri and Moree are Tycannah, Bellata – Stage 1 and Bellata – Stage 
2.  Case studies on these three projects are shown below.  
3.1 Tycannah Project            
The Tycannah foam bitumen stabilisation project is located 82.7 km to 85.85 km North of 
Narrabri with a total project length of 3.15 km. The project has a total lime stabilised 
pavement width of 11 metres with a foam bitumen stabilised width of 9.3 metres. The 
pavement was constructed to take two 3.5 metre lane widths and two 2 metre shoulders. 
Hence the outer 900mm of the pavement is not stabilised with foam bitumen. The mix design 
for the Tycannah FBS project was undertaken by the pavement branch of RMS, the pavement 
was designed to have a life of 5 years. The final pavement designed consisted of a 50mm gap 
graded granular overlay followed by a 250 mm foamed bitumen stabilised layer with 3.5% 
bitumen and 2% hydrated (Vorobieff & Yin, 2013). The only thing that changed from this 
design was the use of 1.52% quicklime instead of the 2% hydrated. The adjustment was made 
in compliance with the RMS R76 specification, which was undertaken by simply multiplying 
the hydrated amount by 0.76 to find the quicklime equivalent. In order to achieve bitumen 
and lime spread rates that comply with the R76 specification the following needed to be 
achieved: 
  A target lime spread rate of 7.8𝑘𝑔 𝑚2⁄  
o With a tolerance of ±10%, giving a domain of 7.02-8.58𝑘𝑔 𝑚2⁄ .  
 A design bitumen spread rate of 17𝑘𝑔 𝑚2⁄  
o With a tolerance of 0 to +10%, giving a domain of 17-18.7𝑘𝑔 𝑚2⁄ . 
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o The bitumen’s temperature also had to fall between 190-170°C in order to be 
of an acceptable tolerance with regards to the R76 specification.  
The RMS undertook the shape correction and 50 mm top up of densely graded base (DGB 
20) for the project. The stabilisation works was contracted out to Downer EDI who were the 
successful tenderer of the Tycannah FBS contact. The compaction and trimming was then 
undertaken by RMS which in turn made it the RMS’s responsibility to achieve the required 
relative compaction of 106% as stated in the R76 specification.   
The project was undertaken in two establishments. Establishment 1 is located between 
82.7km and 84.3km giving an establishment length of 1.6km and establishment 2 is located 
between 84.3km and 85.85km giving an establishment length of 1.55km.   
3.1.1 Establishment 1 
Establishment 1 was broken up into eight 400 metre lots each lot consisting of lime stabilised 
width of 5.5 metres and bitumen stabilised width of 4.7 metres. RMS commenced shape 
correction on the 5
th
 of February 2013 in order to establish the project for the contractors to 
commence stabilising. Stabilisation commenced on 
the 11
th
 of February 2013 although due to 
construction difficulties only the lime was spread 
and mixed on the first day of stabilising. The foam 
bitumen stabilisation commenced on the 12
th
 of 
February 2013 but due to the complications with 
the bitumen tanker and the WirtgenWR2400 
additional lime was spread, see Table 6 for details. 
The establishment was split into eight lots with 
each lot being one days’ worth of stabilising apart 
from lot 1 which was completed over two days due 
to construction difficulties. In this establishment the 
north bound lane was constructed first followed by 
the south bound lane. Each lot was constructed 
from south to north and the lot numbers were not 
assigned in chronological order. The chronological 
order of the lot numbers is 1,3,5,7,2,4,6 and 8. See 
Figure 41 – Lime stabilisation at Tycannah FBS 
establishment 1 
Figure 40 – Bitumen stabilisation at Tycannah FBS 
establishment 1 
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the lot diagram below in Figure 42 for detail. Each lot is allocated a different number so it is 
easier to trace the material, results and problems that are associated with the different lots. 
The traceability with each lot assisted with monitoring each establishment and helped 
determine if any of the problems, materials or results associated with a particular lot were the 
cause of any failures in the pavement.       
The lot diagram for establishment 1 above shows the detail of the lot sizes and location. The 
diagram was used for monitoring the establishment after construction. The lot diagram details 
of the spread rates, compaction and foam bitumen for each lot are shown below in Table 6. 
Figure 42 – Tycannah Establishment 1 Lot diagram 
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Table 6 – Tycannah Establishment 1 Lot Details 
Day 1- Lot 1 
Stabilisation Date 
11/02/2013 & 12/02/2013 
Characteristic Relative Compaction (Q) 105.8 
Average Lime Spread Rate (kg/m^2) 8.23 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio No Data Expansion Ratio No Data 
Half Life (s) No Data Half Life (s) No Data 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Temperature 
(°C) 
187-180 
Bitumen Spread Rate 
(kg/m^2) 
16.84 
Bitumen Spread Rate 
(kg/m^2) 
16.88 
Comments 
The first 150 m of run 1 was over spread with lime by - 14.78 kg/m^2.                                            
The lime was spread on the first day therefore an addition of 2.2 kg/m^2 of quicklime was added 
to the pavement prior to foam stabilising on the second day.       
Bitumen temperature 5°C above tolerance. 
Lot 3 
Stabilisation Date 13/02/2013 
Characteristic Relative Compaction (Q) 107.1 
Average Lime Spread Rate (kg/m^2) 8.22 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 13 Expansion Ratio 13 
Half Life (s) 20 Half Life (s) 20 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Spread Rate 
(kg/m^2) 
16.6 
Bitumen Spread Rate 
(kg/m^2) 
17.02 
Comments 
Bitumen temperature 5°C above tolerance. 
Lot 5 
Stabilisation Date 14/02/2013 
Characteristic Relative Compaction (Q) 109.7 
Average Lime Spread Rate (kg/m^2) 7.95 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 10 Expansion Ratio 9 
Half Life (s) 20 Half Life (s) 21 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Temperature 
(°C) 
190-185 
Bitumen Spread Rate 
(kg/m^2) 
17.63 
Bitumen Spread Rate 
(kg/m^2) 
16.9 
Comments 
Bitumen temperature 5°C above tolerance. 
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Lot 7 
Stabilisation Date 15/02/2013 
Characteristic Relative Compaction (Q) 108.7 
Average Lime Spread Rate (kg/m^2) 8.56 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 10 Expansion Ratio 10 
Half Life (s) 25 Half Life (s) 25 
Bitumen Temperature 
(°C) 
190-180 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Spread Rate 
(kg/m^2) 
17.14 
Bitumen Spread Rate 
(kg/m^2) 
17.09 
Comments 
Bitumen temperature 5°C above tolerance. 
Lot 2 
Stabilisation Date 16/02/2013 
Characteristic Relative Compaction (Q) 109.3 
Average Lime Spread Rate (kg/m^2) 8.04 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 11 Expansion Ratio 10 
Half Life (s) 22 Half Life (s) 28 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Spread Rate 
(kg/m^2) 
17.44 
Bitumen Spread Rate 
(kg/m^2) 
17.63 
Comments 
Bitumen temperature 5°C above tolerance. 
Lot 4 
Stabilisation Date 18/02/2013 
Characteristic Relative Compaction (Q) 107.2 
Average Lime Spread Rate (kg/m^2) 7.67 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 10 Expansion Ratio 10 
Half Life (s) 25 Half Life (s) 25 
Bitumen Temperature 
(°C) 
192-180 
Bitumen Temperature 
(°C) 
195-180 
Bitumen Spread Rate 
(kg/m^2) 
17.68 
Bitumen Spread Rate 
(kg/m^2) 
17.5 
Comments 
Bitumen temperature 5°C above tolerance. 
Lot 6 
Stabilisation Date 19/02/2013 
Characteristic Relative Compaction (Q) 108.7 
Average Lime Spread Rate (kg/m^2) 7.3 
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Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 10 Expansion Ratio 10 
Half Life (s) 23 Half Life (s) 21 
Bitumen Temperature 
(°C) 
195-186 
Bitumen Temperature 
(°C) 
190-180 
Bitumen Spread Rate 
(kg/m^2) 
17.76 
Bitumen Spread Rate 
(kg/m^2) 
17.28 
Comments 
Bitumen temperature 5°C above tolerance. 
Lot 8 
Stabilisation Date 20/02/2013 
Characteristic Relative Compaction (Q) 107.9 
Average Lime Spread Rate (kg/m^2) 7.65 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 10 Expansion Ratio 10 
Half Life (s) 23 Half Life (s) 20 
Bitumen Temperature 
(°C) 
195-180 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Spread Rate 
(kg/m^2) 
17.37 
Bitumen Spread Rate 
(kg/m^2) 
17.51 
Comments 
Bitumen temperature 5°C above tolerance. 
3.1.1.1 Discussion 
Establishment 1 was constructed between the 5
th
 of February 2013 and 23th of February 
2013, this includes the start of the shape correction all the way to the primer seal. Therefore 
1.6kms of highway at 11 metres wide was fully rehabilitated and sealed in 18 days. In total 
the lime was spread a little bit heavy although it was still within the tolerance of the R76 
specification. The bitumen temperature was over the allowable tolerance of 190°C with 
regards to the R76 specification in a number of the lots. The accuracy of the in-situ foam 
bitumen test is questionable due to the inaccuracy of the method of measuring the expansion 
ratio and half-life.            
3.1.2 Establishment 2 
Establishment 2 was broken up into four 400 metre lots and four 375 metre lots each 
consisting of lime stabilised width of 5.5 metres and bitumen stabilised width of 4.7 metres. 
RMS commenced shape correction on the 27
th
 of February 2013. Stabilisation commenced on 
the 5
th
 of March 2013 and finished on the 13
th
 of March 2013. The establishment was split 
into eight lots, each lot was one days’ worth of stabilising. In this establishment the south 
bound lane was constructed first followed by the north bound lane, each lot was constructed 
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Figure 43 – Tycannah Establishment 2 Lot diagram 
from south to north. The method of constructing the south bound side of the highway first 
was found to be preferred as the Wirtgen’s WR2400 cabin is on the right hand side of the 
vehicle and therefore when constructing the north bound side the cabin is over the centreline 
making it easier to achieve the 100 mm overlap. The first lot in this establishment is lot 11. 
The details on each lot are shown in the lot diagram in Figure 43 and Table 7.         
 
 
The lot diagram for establishment 2 above shows the detail of the lot sizes and location. The 
diagram was used for monitoring the establishment after construction. Details of the spread 
rates, compaction and foam bitumen for each lot are shown below in Table 7. 
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Table 7 – Tycannah Establishment 2 Lot Details 
Lot 11 
Stabilisation Date 5/03/2013 
Characteristic Relative Compaction (Q) 108 
Average Lime Spread Rate (kg/m^2) 7.77 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 11 Expansion Ratio No Data 
Half Life (s) > 55 Half Life (s) No Data 
Bitumen Temperature 
(°C) 
195-180 
Bitumen Temperature 
(°C) 
195-178 
Bitumen Spread Rate 
(kg/m^2) 
17.4 
Bitumen Spread Rate 
(kg/m^2) 
17.99 
Comments 
Bitumen temperature 5°C above tolerance. 
 
Lot 12 
Stabilisation Date 6/03/2013 
Characteristic Relative Compaction (Q) 106.7 
Average Lime Spread Rate (kg/m^2) 7.8 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio No Data Expansion Ratio No Data 
Half Life (s) > 25  Half Life (s) > 25 
Bitumen Temperature 
(°C) 
190-180 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Spread Rate 
(kg/m^2) 
17.3 
Bitumen Spread Rate 
(kg/m^2) 
17.89 
Comments 
Bitumen temperature 5°C above tolerance. 
 
Lot 13 
Stabilisation Date 7/03/2013 
Characteristic Relative Compaction (Q) 106.7 
Average Lime Spread Rate (kg/m^2) 7.76 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 22.33 Expansion Ratio 24 
Half Life (s) > 25 Half Life (s) > 25 
Bitumen Temperature 
(°C) 
195-180 
Bitumen Temperature 
(°C) 
190-180 
Bitumen Spread Rate 
(kg/m^2) 
17.36 
Bitumen Spread Rate 
(kg/m^2) 
17.91 
Comments 
Bitumen temperature 5°C above tolerance. 
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Lot 14 
Stabilisation Date 8/03/2013 
Characteristic Relative Compaction (Q) 108.7 
Average Lime Spread Rate (kg/m^2) 7.81 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 22.3 Expansion Ratio 13.58 
Half Life (s) > 25 Half Life (s) > 20 
Bitumen Temperature 
(°C) 
195-188 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Spread Rate 
(kg/m^2) 
17.15 
Bitumen Spread Rate 
(kg/m^2) 
18.76 
Comments 
Bitumen temperature 5°C above tolerance. 
Lot 15 
Stabilisation Date 9/03/2013 
Characteristic Relative Compaction (Q) 108.3 
Average Lime Spread Rate (kg/m^2) 7.9 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 13 Expansion Ratio No Data 
Half Life (s) > 20 Half Life (s) > 25 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Spread Rate 
(kg/m^2) 
17.53 
Bitumen Spread Rate 
(kg/m^2) 
17.79 
Comments 
Bitumen temperature 5°C above tolerance. 
 
Lot 16 
Stabilisation Date 11/03/2013 
Characteristic Relative Compaction (Q) 107.9 
Average Lime Spread Rate (kg/m^2) 7.84 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 9 Expansion Ratio 20.9 
Half Life (s) > 25 Half Life (s) > 60 
Bitumen Temperature 
(°C) 
193-185 
Bitumen Temperature 
(°C) 
192-185 
Bitumen Spread Rate 
(kg/m^2) 
17.44 
Bitumen Spread Rate 
(kg/m^2) 
17.49 
Comments 
Bitumen temperature 3°C above tolerance and the bitumen expansion ratio was just below 
tolerance. 
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Lot 17 
Stabilisation Date 12/03/2013 
Characteristic Relative Compaction (Q) 108.2 
Average Lime Spread Rate (kg/m^2) 8.01 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio No Data Expansion Ratio 11.5 
Half Life (s) No Data Half Life (s) > 25 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Temperature 
(°C) 
190-180 
Bitumen Spread Rate 
(kg/m^2) 
17.77 
Bitumen Spread Rate 
(kg/m^2) 
18.06 
Comments 
Bitumen temperature 5°C above tolerance. 
Lot 18 
Stabilisation Date 13/03/2013 
Characteristic Relative Compaction (Q) 108.1 
Average Lime Spread Rate (kg/m^2) 7.84 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 7.75 Expansion Ratio 10 
Half-Life (s) > 20 Half-Life (s) > 180 
Bitumen Temperature 
(°C) 
195-185 
Bitumen Temperature 
(°C) 
193-185 
Bitumen Spread Rate 
(kg/m^2) 
17.5 
Bitumen Spread Rate 
(kg/m^2) 
17.95 
Comments 
A problem occurred with the lime spreader in the last 35 metres due to a blockage. The 
spreader had to re-run the last 35 metres and the grader had to spread the material evenly. The 
foam bitumen test from run 2 held its expanded state for > 2 min before it started to settle.   
3.1.2.1 Discussion 
Establishment 2 was constructed between the 27
th
 of February 2013 and 16
th
 of March 2013, 
this includes the start of the shape correction all the way to the primer seal. Therefore this 
1.55km establishment was fully rehabilitated and sealed in 18 days. The bitumen temperature 
was over the allowable tolerance of 190°C with regards to the R76 specification in a number 
of the lots. The accuracy of the in-situ foam bitumen test is questionable due to the 
inaccuracy of the method of measuring the expansion ratio and half-life.            
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3.1.3 Tycannah FBS Results and Observations 
This section of the report reveals the results that support the findings and observations that 
were obtained after the construction stage of the Tycannah foam bitumen stabilisation 
project. The results and observations were obtained prior, during and post construction.  
3.1.3.1 Moisture Content 
The in-situ moisture content of the various pavement materials prior to the foam bitumen 
stabilisation process is shown below in Figure 44.    
Figure 44 above shows that there was moisture content of 21% in the expansive sub-grade 
layer. The high moisture content in the sub-grade soil shows us that the rain water has 
infiltrated through the cracks into the pavement and/or from the table drains into the sub-
grade material under the road surface, the moisture infiltration is also shown in Figure 45 
below.   
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Figure 44 – Moisture content of the pavement at Tycannah 
(Source: Zhang, 2014) 
Figure 45 – Moisture content in the sub-grade material at 
Tycannah 
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3.1.3.2 CBR and PI 
The in-situ California bearing ratio (CBR) of the various pavement and sub-grade materials 
prior to the foam bitumen stabilisation process is shown below in Figure 46. 
The CBR (4 days soaked) values were determined from samples of an undamaged pavement 
area at Tycannah. The in-situ base layer (25-175mm) prior to construction shows a CBR 
value of 30% , the target CBR value for a base layer is >80%. The in-situ plasticity index (PI) 
of the various pavement and sub-grade materials prior to the foam bitumen stabilisation 
process is shown below in Figure 47.  
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Figure 46 - CBR of the pavement at Tycannah 
(Source: Zhang, 2014) 
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Figure 47 – PI of the pavement at Tycannah 
(Source: Zhang, 2014) 
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The PI values were determined from samples of an undamaged pavement area at Tycannah. 
The PI of soil is commonly correlated with the soils expansive potential, this is shown in the 
sub-grade layer (700-960mm) of Figure 47 as the layer is the black expansive natural clay 
found in the area.  
3.1.3.3 UCS and Resilient Modulus  
The sample material for the unconfined compressive strength (UCS) and resilient modulus 
(Mr) tests was taken from the field during construction and remoulded in the laboratory. The 
USC tests were undertaken after 28 days of remoulding.  
Table 8 – UCS and Resilient Modulus of Establishment 2 at Tycannah 
Sample 
Number 
UCS - Dry 
(MPa) 
USC - Wet 
(MPa) 
Mr - Cured 
(MPa) 
Mr - Soaked 
(MPa) 
Chainage & Offset Lots 
P1 4.20 1.98 N/A N/A 
CH: 84.496km at 
2.8m from left edge 
Lot 11 
P2 4.15 1.96 N/A N/A 
CH: 84.656km at 
3.6m from left edge 
Lot 11 
P3 4.35 2.06 N/A N/A 
CH: 84.795km at 
3.6m from left edge 
Lot 12 
P4 4.41 2.17 N/A N/A 
CH: 84.955km at 
2.8m from left edge 
Lot 12 
P5 4.13 2.25 N/A N/A 
CH: 85.184km at 
1.1m from left edge 
Lot 13 
P6 4.13 2.10 N/A N/A 
CH: 85.400km at 
2.8m from left edge 
Lot 13 
P7 3.85 2.22 3320 2114 
CH: 85.586km at 
1.9m from left edge 
Lot 14 
P8 4.00 2.05 N/A N/A 
CH: 85.736km at 
0.2m from left edge 
Lot 14 
P9 4.42 2.42 N/A N/A 
CH: 84.372km at 
4.5m from left edge 
Lot 15 
P10 4.76 2.06 N/A N/A 
CH: 84.672km at 
2.8m from left edge 
Lot 15 
P11 4.27 2.33 N/A N/A 
CH: 84.720km at 
3.6m from left edge 
Lot 16 
P12 4.10 1.92 3369 2022 
CH: 84.94km at 4.5m 
from left edge 
Lot 16 
P13 4.05 2.10 N/A N/A 
CH: 85.150km at 
3.6m from left edge 
Lot 17 
P14 3.90 2.13 3222 2093 
CH: 85.376km at 
1.1m from left edge 
Lot 17 
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P15 4.11 2.12 N/A N/A 
CH: 85.527km at 
1.1m from left edge 
Lot 18 
P16 4.18 1.96 N/A N/A 
CH: 85.602km at 
4.5m from left edge 
Lot 18 
Average 4.19 2.11 3304 2076 
   
In order to satisfy the requirements of the R76 specification the soaked modulus needs to be 
greater than or equal to 2000MPa with an initial modulus greater than or equal to 700MPa 
when the average daily ESA of the opening year is greater than 1000 ESA. The minimum 
retained modulus ratio of the soaked to cured modulus also needs to be over 50%. Therefore 
with an average soaked modulus of 2076MPa one of the requirements is satisfied. The 
requirement of having an initial modulus of 700MPa doesn’t apply to the Tycannah FBS 
project because each lot was left un-trafficked for more than 48 hours and therefore didn’t 
need to achieve a high early strength. Finally the retained modulus ratio is 62.8% and 
therefore also meets the requirement of the R76 specification.     
3.1.3.4 Bitumen Content 
The sample material for the bitumen content test was taken from the field during 
construction. Material was sampled before and after the foam bitumen was mixed into the 
pavement, therefore an accurate bitumen content reading was achieved. Figure 48 below 
shows the target bitumen content of 3.5% and the actual bitumen contents taken from the 
material samples.    
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Figure 48 – Foam bitumen content of establishment 2 of the Tycannah FBS project 
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Figure 48 above and Table 9 below are the bitumen content test results for establishment 2 of 
the Tycannah FBS project.  
Table 9 – Bitumen content results of the material sampled before and after FBS 
Sample 
Number 
Before FBS 
(%) 
After FBS 
(%) 
Bitumen Content 
(%) 
Chainage & Offset Lots 
P1 0.90 4.60 3.70 
CH: 84.496km at 
2.8m from left edge 
Lot 11 
P2 1.20 3.60 2.40 
CH: 84.656km at 
3.6m from left edge 
Lot 11 
P3 0.80 3.30 2.50 
CH: 84.795km at 
3.6m from left edge 
Lot 12 
P4 0.80 4.50 3.70 
CH: 84.955km at 
2.8m from left edge 
Lot 12 
P5 0.70 2.90 2.20 
CH: 85.184km at 
1.1m from left edge 
Lot 13 
P6 1.30 4.10 2.80 
CH: 85.400km at 
2.8m from left edge 
Lot 13 
P7 1.40 4.50 3.10 
CH: 85.586km at 
1.9m from left edge 
Lot 14 
P8 0.80 4.70 3.90 
CH: 85.736km at 
0.2m from left edge 
Lot 14 
P9 0.90 3.70 2.80 
CH: 84.372km at 
4.5m from left edge 
Lot 15 
P10 1.70 5.50 3.80 
CH: 84.672km at 
2.8m from left edge 
Lot 15 
P11 1.60 3.80 2.20 
CH: 84.720km at 
3.6m from left edge 
Lot 16 
P12 1.00 4.60 3.60 
CH: 84.94km at 4.5m 
from left edge 
Lot 16 
P13 0.90 4.40 3.50 
CH: 85.150km at 
3.6m from left edge 
Lot 17 
P14 1.80 5.10 3.30 
CH: 85.376km at 
1.1m from left edge 
Lot 17 
P15 0.70 3.90 3.20 
CH: 85.527km at 
1.1m from left edge 
Lot 18 
P16 1.00 4.50 3.50 
CH: 85.602km at 
4.5m from left edge 
Lot 18 
Average 1.09 4.23 3 
   
The average bitumen content for establishment 2 was 3% with a variation of 0.6%. These 
results are a little bit lower than what the mix design wanted to achieve.  
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3.1.3.5 Longitudinal Cracking 
Longitudinal cracking visually appeared in both the southbound and northbound lanes 
approximately 7 months after the completion of the construction phase. The initial cracking 
was not continuous along the same offset. The cracking was located in various offsets such as 
1.6m, 2.2m, 2.3m and 2.5m from the centreline, see Figure 49 below for examples of the 
different offsets.    
Longitudinal cracks run longitudinally along the pavement. They may be wandering in plan 
to some extent but approximately parallel to the road centreline and do not exhibit strongly 
developed transverse branches (ROCOND, 2006). Cracking can be split into two principal 
causes one of which is traffic loading and the other environmental ( due to expansive 
subgrades, moisture changes, etc.). In this circumstance the cracking seems to be 
environmental. Although environmental and reflective cracking can occur across the entire 
pavement surface but its severity may well be exacerbated by trafficking (Moffatt & Hassan, 
2006). The longitudinal cracking at the Tycannah FBS project instigated the need for 
pavement investigations. Coring investigations were carried out on the 7
th
 of November 2013 
and the testing was undertaken by RMS. 
Figure 50 – Typical core sample taken from a cracked location Figure 51 – Two core holes located at hole 9 
Figure 49 - Longitudinal cracks located at an offset of 2.2m and 2.5m from the centreline in the southbound lane 
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Figure 52 – Numbers and locations of core holes 
The cores were taken from Lot 5 in southbound lane and Lot 6 in the northbound lane. 
Samples were taken in line with the cracks as well as adjacent to the cracks because the 
cracked cores (see Figure 50) would have made it hard to undertake the required tests. The 
core locations and numbers are shown below in Figure 52. 
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Although cracking was located in various locations, the locations shown above in Figure 52 
were selected for the core investigation. The core investigation results are shown below in 
Table 10 below.  
Table 10 – Details of the resilient modulus for various cores 
Core ID 
Number 
Core 
Diameter 
(mm) 
Core Depths 
Cured 
Modulus 
(MPa) 
Soaked 
Modulus (MPa) 
Retained 
Modulus Ratio 
(%) 
1 100 
Top 5963 4411 74.0 
Middle 2310 2013 87.2 
Bottom 3238 2341 72.3 
2 100 
Top 5623 4097 72.9 
Middle 8056 5455 67.7 
Bottom 6393 4592 71.8 
3 100 
Top N/A N/A N/A 
Middle 7909 5193 65.7 
Bottom N/A N/A N/A 
4 100 
Top 9184 8016 87.3 
Middle 7109 6679 94.0 
Bottom N/A N/A N/A 
10A 150 
Top 6382 5588 87.6 
Middle 7879 7347 93.2 
Bottom 6332 5999 94.7 
10B 150 
Top 8456 N/A N/A 
Middle 8681 N/A N/A 
Bottom 6879 N/A N/A 
11A 150 
Top 8480 N/A N/A 
Middle 8276 N/A N/A 
Bottom 5991 N/A N/A 
11B 150 
Top 5951 2581 43.4 
Middle 4814 2191 45.5 
Bottom 3197 1700 53.2 
13A 150 
Top 7909 5643 71.4 
Middle 9184 3914 42.6 
Bottom 7109 2958 41.6 
Average 
Top 7243 5056 72.7 
Middle 7135 4685 70.8 
Bottom 5591 3518 66.7 
Total 6656 4419 70.1 
Range 
Top 5544-9184 2581-8016 43.4-87.6 
Middle 2309-9184 2013-7347 42.6-94.0 
Bottom 3179-7108 1699-5999 41.6-94.7 
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The resilient modulus of the FBS layer has shown an increase of approximately 45.6% after 8 
months of service. The modulus has increase from an average of 3304MPa to an average of 
6656MPa.  With an increase in the resilient modulus gives an increase in the pavements 
stiffness. The increased stiffness of the pavement could possibly be a factor that is 
influencing the longitudinal cracking. Core samples 10B and 11A weren’t used to obtain a 
soaked modulus instead they were used to determine the unconfined compressive strength of 
the cores. The results for these cores are shown below in Table 11.  
Table 11 – UCS results of cores 10B and 11A 
Core ID 
Number 
Core 
Depths 
UCS 
(Mpa) 
Density - Air Dry 
(t/m^3) 
Moisture 
Content (%) 
10B 
Top 3.87 2.12 5.7 
Middle 3.27 2.13 6.1 
Bottom 2.68 2.14 4.2 
Average 3.27 2.13 5.3 
11A 
Top 3.93 2.13 4.6 
Middle 3.93 2.14 4.5 
Bottom 3.25 2.10 4.4 
Average 3.70 2.12 4.5 
Average Total 3.49 2.13 4.9 
 
The unconfined compressive strength (UCS – Dry) was slightly reduced after 8 months of 
service, from 4.1MPa to 3.49MPa.  
With the increase in the pavements stiffness and decrease in UCS the pavements structure 
although cracking is still structurally stable, as no rutting or shoving has occurred. The 
pavements stability is mainly due to the increased stiffness, although with the increased 
stiffness the pavement has become more susceptible to cracking. With the moisture sensitive 
clay subgrade a stiff pavement is not ideal as when the subgrade moves the pavement resists 
and hence cracks. Expansive soil cracks occur where the road is constructed over expansive 
clay soils (high PI values) which are sensitive to seasonal moisture changes (The South 
African National Roads Agency, 2008).  
Prior the construction of the Tycannah FBS project an extremely heavy rainfall event 
occurred. The event was associated with the effects of ex-tropical cyclone Oswald, which 
occurred off the north east coast. The North Coast and Mid-Coast were worst affected and 
suffered heavy flooding. Heavy rainfall also occurred over other area in the east and centre of 
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the State, including the North West (Department of Primary Industries, 2013). Widespread 
heavy rain fell from 27-29 January as the system moved south across coastal NSW (Bureau 
of Meteorology, 2013).  
The Magnitude of the heavy rainfall (2013) prior to the project commencing can be observed 
in Appendix A, this data can be compared to the rainfall event we had between the 26
th
 and 
28
th
 of March 2014. The rainfall event that occurred between the 26
th
 and 28
th
 of March 2014 
produced 75.8mm of rain at Bellata and 64.4mm of rain at Moree (see Appendix B). The data 
from the rainfall event that occurred in March 2014 is used to verify through photos where 
the water would have been lying around on site prior and during construction of the 
Tycannah FBS project. The rainfall event between the 26
th
 and 29
th
 of January 2013 shows 
that there was 172.4mm of rain at Bellata and 136.4mm of rain at Moree. This shows that 
establishment 1 of the Tycannah foam bitumen stabilisation project was constructed under 
saturated subgrade soils. Prior to the foam bitumen stabilisation of establishment 2 another 
rainfall event occurred. The rainfall event occurred between the 1
st
 and 4
th
 of March 2013, the 
event produced 80.2mm of rain at Bellata and 72 mm of rain at Moree. Figure 53 shown 
below shows the comparison of water ponding after the March 2014 rainfall event and the 
rainfall event prior to construction.     
 
 
 
 
 
 
 
 
Figure 54 and 55 below show us where the water tends to pond around the Tycannah FBS 
project through observations and photos that were taken on the 3
rd
 of April 2014 after the 
March 2014 rainfall event. The photos were taken approximately 6 days after the event. 
March 2014 Rainfall Event 
Water 
Figure 53 – Water comparison at Tycannah rest area on the northbound side 
During Construction 
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Light amount of water 
Heavy amount of water  
Project end  
Project Start  
1600 m 
Figure 54 – Map of Tycannah FBS and location of where water tends to pond 
1600 m 
Light amount of water 
Heavy amount of water  
Figure 55 – 1600m mark showing the end of Establishment 1 and start of Establishment 2  
 
Northbound 
Rest Area 
Southbound 
Rest Area 
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Figure 55 shows a close up of the end of establishment 1 and the start of establishment 2 
which is located 1600m from the start of the project. The entrance of the of the rest area 
located on the southbound side road and the exit of the rest area located on the northbound 
side of the road shows that the water doesn’t pond evenly in the table drains. This is due to 
the water draining through the culverts and then ponding between the rest areas and highway. 
A similar situation occurred at the intersection of Wondah Road and the Newell Highway 
although the water didn’t drain through the culvert as the culvert was blocked. This is why no 
water was found ponding between Wondah Road and the exit to the rest area on the 
northbound side of the road. Figure 56 shows a close up of the intersection of Wondah Road 
and the Newell Highway, as well as where the water tends to pond in the table drain next to 
the highway.      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Light amount of water 
Heavy amount of water  
Figure 56 – Wondah Rd and Newell Highway intersection 
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The Tycannah FBS project was not only affected by two large rainfall events but is also 
located near the Tycannah flood plain (see Figure 57).  
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Project end 
Project start 
Tycannah Flood Plain 
Tycannah Creek 
Figure 57 – Tycannah FBS project is located near Tycannah Creek and Tycannah Flood Plain 
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The locations of the longitudinal cracks located at the Tycannah FBS project are shown 
below in Table 12. The table shows how there is a direct correlation between the amount of 
rainfall and water ponding and where the majority of the cracks are located within the 
pavements surface.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
No water 
located in the 
table drain on 
the NB side. 
Rainfall prior 
to construction 
was 136.4mm 
at Moree and 
172.4mm at 
Bellata. 
Rainfall prior 
to construction 
was 72mm at 
Moree and 
80.2 at Bellata. 
Table 12 - Location of longitudinal cracks at the Tycannah FBS Project 
NB Lane Measured 
from Centreline (m)
SB Lane Measured 
from Centreline (m)
Comments
20 0, 2.1 1.1, 2.7, 4.7
100 2.1, 3.6 1.2, 2.5, 4.0
200 2.1, 2.8, 3.9 2.7, 4.2
300 1.4, 2.0 1.9, 2.6
400 2.1, 3.0 2.4, 2.8
500 0 1.4, 2.4, 4.0
600 0, 1.1, 1.7, 2.1 1.2, 2.5
700 2.1, 4.3 2.5
800 0, 2.4 2.4
900 1.3 0.8, 1.1, 2.2
1000 0.1, 1.9 0.7, 2.3, 4.0, 4.4
1100 2.1 1.9, 2.3
1200 2.1, 2.3, 4.4
1300 0.6, 4.5 1.3, 2.3, 2.5
1400 2.1, 4.4 1.2
1500 0.4, 2.0, 3.9 1
1580 2.0, 4.3 4
1620 0.9, 2.0, 3.1 0.2, 1.3, 2.5
1700 0.9 0.7
1800 0.1
1900
2000 2 Superelevation
2100 0.1, 2.2
2200 2.3 0.1 Wondah Rd - Intersection
2300 0, 1.6, 2.5 2.4
2400 4.5 0.1
2500 0
2600 0.1, 2.6
2700 0.3, 1.7
2800 0
2900 0.1
3000 1 0.4, 1.3
3100 0 1.6
3125 0, 2.8, 4.7 2.3
Location (m)
Es
tb
lis
h
m
en
t 
2
Es
ta
b
lis
h
m
en
t 
1
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Table 12 shows that there is a large number of longitudinal cracks at the Tycannah FBS 
project, a great deal of these cracks can be seen to be in parallel (see Figure 58).    
Table 12 also shows that there is a large reduction in the number of cracks between 
establishment 1 and establishment 2 and a further reduction between 1700m and 2100m in 
establishment 1. At this location there was no water located in the table drain on the 
northbound side of the road after the March 2014 rainfall event. The only location that 
doesn’t show a reduction where there is no water located on the northbound side of the road 
is 1600m. This is because it is located before the entrance of the rest area on the southbound 
side of the road, which is where a large amount of water ponds after draining through the 
culvert at the entrance to the rest area (see Figure 55).  
A number of the longitudinal cracks are located near or on the centreline where the cold joint 
between the lots is located. The cracks along the cold joints down the centreline could be 
partially due to the joint being a weak point in the pavement. Figure 59 and 60 show some 
longitudinal cracks that are located near the centreline.   
 
 
 
 
 
 
         Figure 58 - Parallel longitudinal cracks in the pavement at Establishment 1 
Figure 59 - Large longitudinal crack located Northern end of Establishment 2 
(20 cent coin in picture) 
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Table 13 below shows that a large number of the locations from Table 12 have cracks located 
near the centreline.   
Table 13 – Tycannah FBS projects cracks located near the centreline 
Location (m) 
Crack near 
Centreline (m) 
Location (m) 
Crack near 
Centreline (m) 
Es
ta
b
lis
h
m
en
t 
1
 
20 0 
Es
ta
b
lis
h
m
en
t 
2 
1620 0.2 
100   1700   
200   1800 0.1 
300   1900   
400   2000   
500 0 2100 0.1 
600 0 2200 0.1 
700   2300 0 
800 0 2400 0.1 
900   2500 0 
1000 0.1 2600 0.1 
1100   2700   
1200   2800 0 
1300   2900 0.1 
1400   3000   
1500   3100 0 
1580   3125 0 
Figure 60 – Longitudinal cracks located near the centreline 
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The cracks located in the shoulder can be a clear representation between where the foamed 
bitumen stabilisation finished. The formation was lime stabilised over the full width (11m in 
total with 2m shoulders and 3.5m lanes). Although due to the Wirtgen WR2400 stabiliser 
having a width of 2.4 metres the foamed bitumen stabilised area was restricted as the foamed 
bitumen was completed in two runs. The first run overlapping the centreline by 100mm and 
the second run overlapping the first run by 100mm creating a foamed width of approximately 
4.6m give or take a 100mm due to the lateral movement of the stabiliser during construction. 
The cracks located in the shoulder are shown in Table 14 and Figures 61 and 62 below. 
 
 
 
 
 
 
 
 
 
 
4.4
4.4
4.5
4.5
4.5
4.5
4.4
4.4
4.7
4.7
Average 4.5
Cracks located in the 
shoulder measured from 
the centreline (m)
V
ar
io
u
s 
Lo
ca
ti
o
n
Table 14 – Shoulder Cracks 
Figure 61 - longitudinal Crack located in the 
shoulder 
Figure 62 – Longitudinal crack located on the northbound side of the road in establishment 1 
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The shoulder cracking and centreline cracking are construction joints which present weak 
spots within the pavement, other weak spots can also be caused by traffic loading in the inner 
and outer wheel path. Although other cracks appeared in various locations not consistent with 
the weak spots suggested above for example the middle of the lane (see Figure 63 below).  
 
 
 
 
 
 
 
 
The inconsistency on the cracks locations can be seen in depth in Table 12. This suggests that 
the cracking is caused by the expansive sub-grade soil, while being exacerbated by the traffic 
loading, construction joints, thickness of the foam bitumen layer and resilient modulus 
(stiffness) of the pavement. The stiff foam bitumen layer has made the pavement more 
susceptible to cracking with the constant movement in the sub-grade soils. This can be 
anticipated with the extremely dry year that was had after the two rainfall events that 
occurred before and during the project. It can also be noted that similar longitudinal cracking 
occurs south of the project (See Appendix B.3).    
 
 
 
 
 
Figure 63 – Longitudinal crack located in the outer wheel path and middle of the northbound lane 
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3.2 Bellata Projects  
The Bellata FBS project is 9.65km long, the project was undertaken in two stages. Stage 1 is 
located in the middle of the Bellata FBS project and stage 2 was undertaken in two sections, 
the northern section and southern section. See Figure 64 below for details.    
Figure 64 – Bellata FBS project details 
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3.3 Bellata – Stage 1 
The Bellata – Stage 1 foam bitumen stabilisation project is located 39.65 km to 41.10 km 
North of Narrabri with a total project length of 1.45 km. The project has a total lime 
stabilised pavement width of 11 metres with a foam bitumen stabilised width of 9.3 metres. 
The pavement was constructed to take two 3.5 metre lane widths and two 2 metre shoulders. 
Hence the outer 900mm of the pavement is not stabilised with foam bitumen. The mix design 
for the Bellata – Stage 1 FBS project was the same as the Tycannah FBS project. The 
pavement designed consisted of a 50mm gap graded granular overlay followed by a 250 mm 
foamed bitumen stabilised layer with 3.5% bitumen and 1.52% quicklime. In order to achieve 
bitumen and lime spread rates that comply with the R76 specification the following needed to 
be achieved: 
 A target lime spread rate of 7.24𝑘𝑔 𝑚2⁄   
o With a tolerance of ±10%, giving a domain of 6.516 -7.964𝑘𝑔 𝑚2⁄ .  
 A design bitumen spread rate of 16.9𝑘𝑔 𝑚2⁄  
o With a tolerance of 0 to +10%, giving a domain of 16.9-18.59𝑘𝑔 𝑚2⁄ . 
o The bitumen’s temperature also had to fall between 190-170°C in order to be 
of an acceptable tolerance with regards to the R76 specification.  
The RMS undertook the shape correction and 50 mm top up of densely graded base (DGB 
20) for the project. The stabilisation works was contracted out to Stabilised Pavements 
Australia (SPA) who was the successful tenderers of the Bellata FBS – Stage 1 contact. The 
compaction and trimming was then undertaken by RMS which in turn made it the RMS’s 
responsibility to achieve the required relative compaction of 106% as stated in the R76 
specification.  
Bellata FBS – Stage 1 was undertaken in one establishment. The establishment was broken 
up into eight lots (see Figure 64) with each lot consisting of lime stabilised width of 5.5 
metres and bitumen stabilised width of 4.7 metres. RMS commenced shape correction on the 
29
th
 of April 2013. Stabilisation commenced on the 6
th
 of May 2013 and finished on the 14
th
 
of May 2013. The establishment was split into eight lots, each lot was one days’ worth of 
stabilising. In this establishment the south bound lane was constructed first followed by the 
north bound lane, each lot was constructed from south to north. The method of constructing 
the southbound side of the highway first was found to be preferred as the Wirtgen’s WR2400 
cabin is on the right hand side of the vehicle and therefore when constructing the northbound 
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side the cabin is over the centreline making it easier to achieve the 100 mm overlap. The first 
lot in the establishment is lot 9. The details on each lot are shown in the lot diagram in Figure 
65 and Table 15.         
 
Figure 65 – Bellata FBS – Stage 1 Lot details 
The lot diagram for Bellata FBS – Stage 1 above shows the detail of the lot sizes and 
locations. The diagram was used for monitoring the establishment after construction. Details 
of the spread rates, compaction and foam bitumen for each lot are shown below in Table 7. 
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Table 15 – Bellata FBS Stage 1 Lot Details 
Lot 9 
Stabilisation Date 6/05/2013 
Characteristic Relative Compaction (Q) 101.7 
Average Lime Spread Rate (kg/m^2) 10.2 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio N/A Expansion Ratio N/A 
Half Life (s) N/A Half Life (s) N/A 
Bitumen Temperature 
(°C) 
185-184 
Bitumen Temperature 
(°C) 
185 
Bitumen Spread Rate 
(kg/m^2) 
15.6 
Bitumen Spread Rate 
(kg/m^2) 
17.5 
Comments 
Bitumen spread rate of Run 1 was 7.69% below tolerance, the average lime spread rate 
was 28% over tolerance and the characteristic relative compaction was 4.3% below 
tolerance. 
Lot 10 
Stabilisation Date 7/05/2013 
Characteristic Relative Compaction (Q) 102.2 
Average Lime Spread Rate (kg/m^2) 8.6 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 24 Expansion Ratio 24 
Half Life (s) 43 Half Life (s) 35 
Bitumen Temperature 
(°C) 
184-182 
Bitumen Temperature 
(°C) 
190-186 
Bitumen Spread Rate 
(kg/m^2) 
18 
Bitumen Spread Rate 
(kg/m^2) 
17.91 
Comments 
The characteristic relative compaction was 3.8% below tolerance 
Lot 11 
Stabilisation Date 8/05/2013 
Characteristic Relative Compaction (Q) 104.3 
Average Lime Spread Rate (kg/m^2) 7.65 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 24 Expansion Ratio N/A 
Half Life (s) 22 Half Life (s) N/A 
Bitumen Temperature 
(°C) 
185-170 
Bitumen Temperature 
(°C) 
190-175 
Bitumen Spread Rate 
(kg/m^2) 
17.1 
Bitumen Spread Rate 
(kg/m^2) 
17.53 
Comments 
The characteristic relative compaction was 1.7% below tolerance 
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Lot 12 
Stabilisation Date 9/05/2013 
Characteristic Relative Compaction (Q) 106.9 
Average Lime Spread Rate (kg/m^2) N/A 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 15.6 Expansion Ratio 17 
Half Life (s) 23 Half Life (s) 24 
Bitumen Temperature 
(°C) 
190-186 
Bitumen Temperature 
(°C) 
185-180 
Bitumen Spread Rate 
(kg/m^2) 
17.99 
Bitumen Spread Rate 
(kg/m^2) 
17.99 
Comments 
Lime spread rate not checked 
Lot 13 
Stabilisation Date 10/05/2013 
Characteristic Relative Compaction (Q) 104.2 
Average Lime Spread Rate (kg/m^2) N/A 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 24 Expansion Ratio 24 
Half Life (s) 26 Half Life (s) 26 
Bitumen Temperature 
(°C) 
200-187 
Bitumen Temperature 
(°C) 
185-180 
Bitumen Spread Rate 
(kg/m^2) 
17.66 
Bitumen Spread Rate 
(kg/m^2) 
17.3 
Comments 
Lime spread rate not checked and bitumen temperature 10°C above tolerance. 
Lot 14 
Stabilisation Date 11/05/2013 
Characteristic Relative Compaction (Q) 105.9 
Average Lime Spread Rate (kg/m^2) 7.84 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 14 Expansion Ratio 10.7 
Half Life (s) 45 Half Life (s) 35 
Bitumen Temperature 
(°C) 
190-180 
Bitumen Temperature 
(°C) 
190-180 
Bitumen Spread Rate 
(kg/m^2) 
18.13 
Bitumen Spread Rate 
(kg/m^2) 
17.19 
Comments 
The Characteristic relative compaction was only just below tolerance 
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Lot 15 
Stabilisation Date 13/05/2013 
Characteristic Relative Compaction (Q) 104.8 
Average Lime Spread Rate (kg/m^2) N/A 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 18 Expansion Ratio 11.7 
Half Life (s) 36 Half Life (s) 34 
Bitumen Temperature 
(°C) 
190-180 
Bitumen Temperature 
(°C) 
194-190 
Bitumen Spread Rate 
(kg/m^2) 
18.02 
Bitumen Spread Rate 
(kg/m^2) 
18.13 
Comments 
Lime spread rate not checked and bitumen temperature 4°C above tolerance. 
Lot 18 
Stabilisation Date 14/05/2013 
Characteristic Relative Compaction (Q) 106.3 
Average Lime Spread Rate (kg/m^2) 7.8 
Run 1 - Centre line Run 2 - Outer  
Expansion Ratio 11.5 Expansion Ratio 11.5 
Half Life (s) 40 Half Life (s) 60 
Bitumen Temperature 
(°C) 
185-170 
Bitumen Temperature 
(°C) 
185-170 
Bitumen Spread Rate 
(kg/m^2) 
18.4 
Bitumen Spread Rate 
(kg/m^2) 
18.22 
Comments 
Nil 
 
3.3.1.1 Discussion 
Bellata FBS – Stage 1 was constructed between the 29th of April 2013 and 17th of May 2013, 
this includes the start of the shape correction all the way to the primer seal. Therefore this 
1.45km establishment was fully rehabilitated and sealed in 19 days. The accuracy of the in-
situ foam bitumen test is questionable due to the inaccuracy of the method of measuring the 
expansion ratio and half-life. There was also a lack of quality control with Bellata stage 1 as 
there were a number of times when the lime spread rate was not confirmed to have been 
spread within the required tolerance. Furthermore it can be found that only two of the lots 
(Lots 12 and 16) passed the requirement of achieving a 106% characteristic relative 
compaction.             
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3.3.2 Bellata FBS Stage 1 Results and Observations 
This section of the report reveals the results that support the findings and observations that 
were obtained after the construction stage of the Bellata FBS stage 1 project. Although the 
results are not as detailed as those obtained from the Tycannah FBS project as the Bellata 
FBS project was constructed after. The results and observations were obtained during and 
post construction.  
3.3.2.1 Bitumen Content 
The sample material for the bitumen content test was taken from the field during 
construction. Material was sampled before and after the foam bitumen was mixed into the 
pavement, therefore an accurate foam bitumen content reading was achieved. Figure 66 
below shows the target bitumen content of 3.5% and the actual bitumen contents taken from 
the material samples. 
 
Figure 66 – Foam bitumen content at Bellata FBS stage 1 
Figure 66 above and Table 9 below are the bitumen content test results for lot 11 at Bellata 
stage 1. 
Table 16 – Foam bitumen content and location 
Sample 
Number 
Before 
FBS (%) 
After 
FBS (%) 
Bitumen 
Content (%) 
Chainage  Lot 
P1 0.9 4.1 3.2 CH: 40.325km  Lot 11 
P2 0.6 3.2 2.6 CH: 40.425km  Lot 11 
P3 0.5 3.3 2.8 CH: 40.525km  Lot 11 
P4 0.5 2.9 2.4 CH: 40.625km  Lot 11 
Average 0.63 3.38 2.75 
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The average bitumen content for Bellata stage 1 was 2.75% with a variation of 0.8%. These 
results are lower than the required mix design.  
3.3.2.2 Longitudinal Cracking 
Longitudinal cracking visually appeared in both the southbound and northbound lanes 
approximately 6 - 7 months after the completion of the construction phase. The initial 
cracking was not continuous along the same offset. The cracking was located in various 
offsets such as 0m, 1.1m, 2.4m and 2.7m from the centreline. Longitudinal cracks run 
longitudinally along the pavement. Cracking can be split into two principal causes one of 
which is traffic loading and the other environmental (due to expansive subgrades, moisture 
changes, etc.). In this circumstance the cracking is environmental. Although environmental 
and reflective cracking can occur across the entire pavement surface but its severity may well 
be exacerbated by trafficking (Moffatt & Hassan, 2006). The locations of the longitudinal 
cracks located at the Bellata – stage 2 FBS project are shown below in Table 16. The cracks 
were measured on the 10
th
 of June 2013. 
Table 17 – Location of longitudinal cracks at Bellata – Stage 1 
Location 
(m) 
NB Lane Measured 
from Centreline (m) 
SB Lane Measured 
from Centreline (m) 
Comments 
B
el
la
ta
 -
 S
ta
ge
 1
 
20 0     
100 0, 2.4 1.1, 2.1   
200 0 1.8   
300 0.4     
400 0.6, 2.3 0.7, 1.9   
500 0.9     
600 0.4, 2.4     
700   0.6   
800 0.7     
900 0.6, 2.7 0.4   
1000 0.8, 2.4     
1100 2.1     
1200 0 0.7, 2.2   
1300 0, 1.3, 2.4     
1400 2.4     
1450 0   Shoving in NB IWP 
 
The shoving located in the northbound inner wheel path located at the northern end of the 
Bellata FBS stage 1 project could either be a sign of too little bitumen or too much bitumen in 
the top layer of the pavement. This can be caused by a blocked or malfunctioning nozzle in 
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the mixing drum (see Figures 67, 68, 69 & 70). The bitumen that is dispersed from the 
blocked or malfunctioning nozzle is not mixed into the pavement properly and in turn leaving 
the majority of the bitumen in the top layer of the pavement (see Figure 67). The bitumen is 
then picked up on the rear wheel and dropped off in large lumps of bitumen and soil (see 
Figure 68). The lumps were then compacted into the top section of the pavement creating soft 
spots (see Figure 69).     
 
The centreline cracks are construction joints which present weak spots within the pavement, 
other weak spots can also be caused by traffic loading in the inner and outer wheel path. 
Although other cracks appeared in various locations not consistent with the weak spots 
suggested above, for example the middle of the lane. The inconsistency on the cracks 
locations can be seen in depth in Table 16. This suggests that the cracking is caused by the 
expansive sub-grade soil, while being exacerbated by the traffic loading, construction joints 
and resilient modulus (stiffness) of the pavement. The stiff foam bitumen layer has made the 
pavement more susceptible to cracking with the movement in the sub-grade soils.    
Figure 67 – Bitumen located in top of pavement Figure 68 – Bitumen and soil on rear wheel 
Figure 69 – Bitumen lumps being compacted into the pavement Figure 70 – Rutting and shoving in pavement 
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3.4 Bellata – Stage 2 
The Bellata – Stage 2 foam bitumen stabilisation project is located in two sections (See 
Figure 64). The northern section which is located 42.68 km to 46.345 km North of Narrabri 
and the southern section which is located 34.898km to 39.487km  North of Narrabri giving a 
total project length of 8.2 km. The 
project has a total lime and foam 
bitumen stabilised pavement width 
of 11 metres. With the increased 
bitumen stabilised width from the 
Tycannah and Bellata stage 2 of 
4.7m to 5.5m an extra bitumen 
stabilisation run was added. The 
extra run for each lot was 
undertaken in the shoulder at a 
width of 0.9 metres as opposed to 
the normal 2.4 metre run. With the 2.4m and 0.9m width the 100mm overlap was achievable 
in all locations apart from the south bound shoulder. The outer run of each lot was undertaken 
first than the middle run and finally the centre line run. The pavement was constructed to take 
two 3.5 metre lane widths and two 2 metre shoulders.  
The mix design for the Bellata – Stage 2 FBS project was undertake by the pavement branch 
of RMS. The final pavement designed consisted of a 50mm gap graded granular overlay 
followed by a 250 mm foamed bitumen stabilised layer over most of the project, except for a 
385 metre section that the Australian Road Research Board (ARRB) used for a research paper 
which was stabilised to a depth of 175 metres. The mix design consisted of 3.5% bitumen and 
1.52% quicklime although the lime spread rate changed from 1.52% to 1% after we assessed 
the Tycannah FBS core results.  In order to achieve bitumen and lime spread rates that 
comply with the R76 specification the following needed to be achieved: 
 A target lime spread rate (1.52%) of 7.8𝑘𝑔 𝑚2⁄   
o With a tolerance of 0 to +10%, giving a domain of 7.8-8.58𝑘𝑔 𝑚2⁄ .  
 A target lime spread rate (1%) of 5.2 𝑘𝑔 𝑚2⁄  
o With a tolerance of 0 to +10%, giving a domain of 5.2-5.72𝑘𝑔 𝑚2⁄  
 A design bitumen spread rate of 17.5 𝑘𝑔 𝑚2⁄  
Figure 71 – Lime Stabilisation of Bellata – Stage 2 
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o With a tolerance of 0 to +10%, giving a domain of 17.5-19.25𝑘𝑔 𝑚2⁄  
o The bitumen’s temperature also had to fall between 190-170°C in order to be 
of an acceptable tolerance with regards to the R76 specification.  
The ARRB’s trial section had different spread rates due to the change in depth, these spread 
rates are shown below: 
 A target lime spread rate (1.52%) of 5.52𝑘𝑔 𝑚2⁄   
o With a tolerance of 0 to +10%, giving a domain of 5.52-6.072kg⁄m^2  
 A design bitumen spread rate of 12.25 𝑘𝑔 𝑚2⁄  
o With a tolerance of 0 to +10%, giving a domain of 12.25-13.475𝑘𝑔 𝑚2⁄  
The RMS undertook the shape correction and 50 mm top up of densely graded base (DGB 
20) for the project. The stabilisation works was contracted out to Downer EDI who were the 
successful tenderers of the project. The compaction and trimming was then undertaken by 
RMS which in turn made it the RMS’s responsibility to achieve the required relative 
compaction of 106% as stated in the R76 specification.   
 
 
 
 
 
 
 
 
 
The project was undertaken in five establishments. Establishments 1 and 2 are located in the 
northern section of Stage 2 and establishments 3, 4 and 5 are located in the southern section 
of stage 2. See Figures 73 and 74 below for details. The lime spread rate changed from 1.52% 
after establishment 3, therefore establishment 4 and 5 are lime stabilised at 1% lime.   
Figure 72 – Preparation for foam bitumen stabilisation of Bellata – Stage 2 
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Figure 73 – Bellata – Stage 2 northern section lot and establishment details 
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Figure 74 – Bellata – stage 2 southern section lot and establishment details 
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3.4.1 Establishment 1  
Establishment 1 was broken up into eight 410 metre lots each lot consisting of lime and 
bitumen stabilised width of 5.5 metres. RMS commenced shape correction on the 20
th
 of 
August 2013 in order to establish the project for the contractors to commence stabilising. 
Stabilisation commenced on the 3
rd
 of September 2013 and finished on the 11
th
 of September. 
The establishment was split into eight lots each lot being one days’ worth of stabilising. In 
this establishment the south bound lane was constructed first followed by the north bound 
lane, each lot was constructed from south to north. The first lot in this establishment is Lot 1 
and was the project trial section for Bellata stage 2. The details on each lot are shown in the 
lot diagram in Figure 68 and Table 16. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 75 – Bellata – stage 2 establishment 1 lot diagram 
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The lot diagram for Bellata FBS stage 2 establishment 1 above shows the detail of the lot 
sizes and locations. The diagram was used during construction as well as monitoring the 
establishment after construction. Details of the spread rates, compaction and foam bitumen 
for each lot are shown below in Table 16. 
Table 18 – Establishment 1 Lot details 
Lot 1 
Stabilisation Date 3/09/2013 
Characteristic Relative Compaction (Q) 104.7 
Average Lime Spread Rate (kg/m^2) 7.81 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 4 Expansion Ratio 6 Expansion Ratio 6 
Half Life (s) > 50 Half Life (s) >50 Half Life (s)  > 50  
Bitumen 
Temperature (°C) 
190 - 175 
Bitumen 
Temperature (°C) 
195-190 
Bitumen 
Temperature (°C) 
189-179 
Bitumen Spread 
Rate (kg/m^2) 
17.68 
Bitumen Spread 
Rate (kg/m^2) 
17.46 
Bitumen Spread 
Rate (kg/m^2) 
15.38 
Comments 
  
Lot 2 
Stabilisation Date 4/09/2013 
Characteristic Relative Compaction (Q) 103.3 
Average Lime Spread Rate (kg/m^2) 8 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 13 Expansion Ratio 6.78 Expansion Ratio 6.78 
Half Life (s) >50 Half Life (s) >50 Half Life (s) >50 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
192-170 
Bitumen 
Temperature (°C) 
195-193 
Bitumen Spread 
Rate (kg/m^2) 
18.33 
Bitumen Spread 
Rate (kg/m^2) 
17.68 
Bitumen Spread 
Rate (kg/m^2) 
15.34 
Comments 
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Lot 3 
Stabilisation Date 5/09/2013 
Characteristic Relative Compaction (Q) 103.5 
Average Lime Spread Rate (kg/m^2) 8.79 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 12.5 Expansion Ratio 10 Expansion Ratio 10 
Half Life (s) >30 Half Life (s) >50 Half Life (s) >50 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
181-170 
Bitumen 
Temperature (°C) 
190-182 
Bitumen Spread 
Rate (kg/m^2) 
17.5 
Bitumen Spread 
Rate (kg/m^2) 
16.2 
Bitumen Spread 
Rate (kg/m^2) 
18.45 
Comments 
  
Lot 4 
Stabilisation Date 6/09/2013 
Characteristic Relative Compaction (Q) 104.7 
Average Lime Spread Rate (kg/m^2) 7.46 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 6.8 Expansion Ratio 14.8 Expansion Ratio 14.8 
Half Life (s) >25 Half Life (s) >30 Half Life (s) >30 
Bitumen 
Temperature (°C) 
190-182 
Bitumen 
Temperature (°C) 
180-172 
Bitumen 
Temperature (°C) 
190-182 
Bitumen Spread 
Rate (kg/m^2) 
18.5 
Bitumen Spread 
Rate (kg/m^2) 
16 
Bitumen Spread 
Rate (kg/m^2) 
18.9 
Comments 
  
Lot 5 
Stabilisation Date 7/09/2013 
Characteristic Relative Compaction (Q) 106.3 
Average Lime Spread Rate (kg/m^2) 7.33 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 12.5 Expansion Ratio 10.3 Expansion Ratio 11.07 
Half Life (s) >20 Half Life (s) >50 Half Life (s) 16.25 
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Bitumen 
Temperature (°C) 
190-175 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
195-190 
Bitumen Spread 
Rate (kg/m^2) 
17.3 
Bitumen Spread 
Rate (kg/m^2) 
17.86 
Bitumen Spread 
Rate (kg/m^2) 
19.38 
Comments 
The last 32 metres of run 2 was spread at 10.4 kg/m^2 as one of the tankers ran out of bitumen 
because run 3 was spread too heavy.  
Lot 6 
Stabilisation Date 9/09/2013 
Characteristic Relative Compaction (Q) 104.7 
Average Lime Spread Rate (kg/m^2) 6.69 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 7.75 Expansion Ratio 9.9 Expansion Ratio 9.9 
Half Life (s) 16 Half Life (s) 21 Half Life (s) 21 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
185-170 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
18.26 
Bitumen Spread 
Rate (kg/m^2) 
16.38 
Bitumen Spread 
Rate (kg/m^2) 
18.3 
Comments 
  
Lot 7 
Stabilisation Date 10/09/2013 
Characteristic Relative Compaction (Q) 104.2 
Average Lime Spread Rate (kg/m^2) 8.45 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 15.6 Expansion Ratio 14.7 Expansion Ratio 14.7 
Half Life (s) >50 Half Life (s) >30 Half Life (s) >30 
Bitumen 
Temperature (°C) 
190-175 
Bitumen 
Temperature (°C) 
185-178 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
17.57 
Bitumen Spread 
Rate (kg/m^2) 
16.37 
Bitumen Spread 
Rate (kg/m^2) 
19.7 
Comments 
Run 1 was spread extremely heavy with lime at 10.16kg/m^2 
Lot 8 
Stabilisation Date 11/09/2013 
Characteristic Relative Compaction (Q) 104.9 
Average Lime Spread Rate (kg/m^2) 8.24 
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Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 13 Expansion Ratio 10 Expansion Ratio 10 
Half Life (s) >20 Half Life (s) >20 Half Life (s) >20 
Bitumen 
Temperature (°C) 
190-185 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
194-190 
Bitumen Spread 
Rate (kg/m^2) 
17.5 
Bitumen Spread 
Rate (kg/m^2) 
18 
Bitumen Spread 
Rate (kg/m^2) 
16.11 
Comments 
  
 
3.4.1.1 Discussion 
Establishment 1 was constructed between the 20
th
 of August 2013 and 14
th
 of September 
2013, this includes the start of the shape correction all the way to the primer seal. It can be 
noted that only one of the lots (Lots 6) passed the requirement of achieving a 106% 
characteristic relative compaction. It was also found that the bitumen and lime spread rates 
were not constant.              
3.4.2 Establishment 2 
Establishment 2 was broken up into ten lots, eight 410 metre lots and two 385 metre lots. 
Each lot consisting of lime and bitumen stabilised width of 5.5 metres. RMS commenced 
shape correction on the 18
th
 of September 2013 in order to establish the project for the 
contractors to commence stabilising. Stabilisation commenced on the 25
th
 of September 2013 
and finished on the 5
th
 of October 2013. The establishment was split into ten lots each lot 
being one days’ worth of 
stabilising. In this 
establishment the south bound 
lane was constructed first 
followed by the north bound 
lane, each lot was constructed 
from south to north. The first 
lot in this establishment is Lot 
10. The details on each lot are 
shown in the lot diagram in 
Figure 72 and Table 17.  
Figure 76 – Establishment 2 foam bitumen test being undertaken 
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The lot diagram for Bellata FBS stage 2 establishment 2 above shows the detail of the lot 
sizes and locations. Lots 14 and 19 are the only lots that are at a different depth of 175mm as 
opposed to the 250mm that the rest of the project has undertaken, as ARRB undertook 
research on these 2 lots. The diagram was used during construction as well as monitoring the 
Figure 77 – Bellata stage 2 establishment 2 lot diagram 
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establishment after construction. Details of the spread rates, compaction and foam bitumen 
for each lot are shown below in Table 17.  
Table 19 – Establishment 2 Lot details 
Lot 10 
Stabilisation Date 25/09/2013 
Characteristic Relative Compaction (Q) 104.7 
Average Lime Spread Rate (kg/m^2) 7.76 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 16 Expansion Ratio 23 Expansion Ratio 10 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-185 
Bitumen 
Temperature (°C) 
191-180 
Bitumen 
Temperature (°C) 
192-191 
Bitumen Spread 
Rate (kg/m^2) 
17.47 
Bitumen Spread 
Rate (kg/m^2) 
17.08 
Bitumen Spread 
Rate (kg/m^2) 
17.63 
Comments 
  
Lot 11 
Stabilisation Date 26/09/2013 
Characteristic Relative Compaction (Q) 103.9 
Average Lime Spread Rate (kg/m^2) 9.1 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 10.9 Expansion Ratio 10.3 Expansion Ratio 10.3 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
185-180 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
17.91 
Bitumen Spread 
Rate (kg/m^2) 
17.43 
Bitumen Spread 
Rate (kg/m^2) 
16.9 
Comments 
The outer shoulder run of lime was spread heavy at 10.6kg/m^2 
Lot 12 
Stabilisation Date 27/09/2013 
Characteristic Relative Compaction (Q) 105.4 
Average Lime Spread Rate (kg/m^2) 8.98 
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Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 17.5 Expansion Ratio 8.75 Expansion Ratio 8.75 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
187-185 
Bitumen 
Temperature (°C) 
190-187 
Bitumen Spread 
Rate (kg/m^2) 
17.68 
Bitumen Spread 
Rate (kg/m^2) 
17.3 
Bitumen Spread 
Rate (kg/m^2) 
17.3 
Comments 
The outer shoulder run of lime was spread heavy at 10.43kg/m^2 
Lot 13 
Stabilisation Date 28/09/2013 
Characteristic Relative Compaction (Q) 105.9 
Average Lime Spread Rate (kg/m^2) 8.43 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 20.5 Expansion Ratio 12.5 Expansion Ratio 12.5 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-182 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.72 
Bitumen Spread 
Rate (kg/m^2) 
17.94 
Bitumen Spread 
Rate (kg/m^2) 
17.02 
Comments 
  
Lot 14 
Stabilisation Date 30/09/2013 
Characteristic Relative Compaction (Q) 105.8 
Average Lime Spread Rate (kg/m^2) 5.92 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 12.5 Expansion Ratio 12.5 Expansion Ratio 8.46 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >30 
Bitumen 
Temperature (°C) 
180-175 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
12.29 
Bitumen Spread 
Rate (kg/m^2) 
11.82 
Bitumen Spread 
Rate (kg/m^2) 
12.01 
Comments 
ARRB trial section, which was undertaken at 175mm depth. 
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Lot 15 
Stabilisation Date 1/10/2013 
Characteristic Relative Compaction (Q) 106.6 
Average Lime Spread Rate (kg/m^2) 7.81 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 10 Expansion Ratio 11.5 Expansion Ratio 11.5 
Half Life (s) >50 Half Life (s) >30 Half Life (s) >30 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
187-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.77 
Bitumen Spread 
Rate (kg/m^2) 
17.6 
Bitumen Spread 
Rate (kg/m^2) 
17.41 
Comments 
  
Lot 16 
Stabilisation Date 2/10/2013 
Characteristic Relative Compaction (Q) 104.2 
Average Lime Spread Rate (kg/m^2) 7.81 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 16.5 Expansion Ratio 10.7 Expansion Ratio 10.7 
Half Life (s) >20 Half Life (s) >20 Half Life (s) >20 
Bitumen 
Temperature (°C) 
188-174 
Bitumen 
Temperature (°C) 
188-172 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.3 
Bitumen Spread 
Rate (kg/m^2) 
17.53 
Bitumen Spread 
Rate (kg/m^2) 
16.65 
Comments 
  
Lot 17 
Stabilisation Date 3/10/2013 
Characteristic Relative Compaction (Q) 105.7 
Average Lime Spread Rate (kg/m^2) 7.70 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 7.33 Expansion Ratio 9.3 Expansion Ratio 9.3 
Half Life (s) >50 Half Life (s) >20 Half Life (s) >20 
Bitumen 
Temperature (°C) 
190-175 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.3 
Bitumen Spread 
Rate (kg/m^2) 
17.7 
Bitumen Spread 
Rate (kg/m^2) 
17.1 
Comments 
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Lot 18 
Stabilisation Date 4/10/2013 
Characteristic Relative Compaction (Q) 105.2 
Average Lime Spread Rate (kg/m^2) 7.71 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 18.44 Expansion Ratio 11.07 Expansion Ratio 11.07 
Half Life (s) >30 Half Life (s) >50 Half Life (s) >50 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-174 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.6 
Bitumen Spread 
Rate (kg/m^2) 
17.5 
Bitumen Spread 
Rate (kg/m^2) 
15.64 
Comments 
  
Lot 19 
Stabilisation Date 5/10/2013 
Characteristic Relative Compaction (Q) 105.5 
Average Lime Spread Rate (kg/m^2) 6.35 
Run 1 - Centreline Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 10.3 Expansion Ratio 9.3 Expansion Ratio 9.3 
Half Life (s) >50 Half Life (s) >50 Half Life (s) >50 
Bitumen 
Temperature (°C) 
190-174 
Bitumen 
Temperature (°C) 
188-185 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
12.05 
Bitumen Spread 
Rate (kg/m^2) 
13.1 
Bitumen Spread 
Rate (kg/m^2) 
12.86 
Comments 
ARRB trial section, which was undertaken at 175mm depth. The centreline run of lime was 
spread at 8.31kg/m^2 because the operator forgot to change the spread rate over from the day 
before. So the lime for this run was spread for 250mm thickness not 175mm thickness. The 
other lime spread rates were within tolerance. 
3.4.2.1 Discussion 
Establishment 2 was constructed between the 16th of September 2013 and 10th of October 
2013, this includes the start of the shape correction all the way to the primer seal. It can be 
noted that only one of the lots (Lots 15) passed the requirement of achieving a 106% 
characteristic relative compaction, although some of the other lots were close.  
3.4.3 Establishment 3 
Establishment 3 is the start of the southern section and was broken up into eight lots. Each lot 
consisting of lime and bitumen stabilised width of 5.5 metres. RMS commenced shape 
correction on the 14th of October 2013 in order to establish the project for the contractors to 
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commence stabilising. Stabilisation commenced on the 21
st
 of October 2013 and finished on 
the 29
th
 of October 2013. The establishment was split into eight lots each lot being one days’ 
worth of stabilising. In this establishment the south bound lane was constructed first followed 
by the north bound lane. Each lot was constructed from south to north. The first lot in this 
establishment is Lot 21. The details on each lot are shown in the lot diagram in Figure 73 and 
Table 18. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 78 – Bellata stage 2 establishment 3 lot diagram 
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The lot diagram for Bellata FBS stage 2 establishment 3 above shows the detail of the lot 
sizes and locations. The diagram was used during construction as well as monitoring the 
establishment after construction. Details of the spread rates, compaction and foam bitumen 
for each lot are shown below in Table 18. 
Table 20 – Establishment 3 lot details 
Lot 21 
Stabilisation Date 21/10/2013 
Characteristic Relative Compaction (Q) 105.5 
Average Lime Spread Rate (kg/m^2) 7.62 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 17.5 Expansion Ratio 17.5 Expansion Ratio 7.15 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
185-182 
Bitumen 
Temperature (°C) 
190-185 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
17.48 
Bitumen Spread 
Rate (kg/m^2) 
17.43 
Bitumen Spread 
Rate (kg/m^2) 
17.56 
Comments 
Although the lime spread rate average was good the outer run was spread a bit heavy at 
9.08kg/m^2 and the middle run was spread light at 5.29kg/m^2.  
Lot 22 
Stabilisation Date 22/10/2013 
Characteristic Relative Compaction (Q) 105.2 
Average Lime Spread Rate (kg/m^2) 8.21 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 14 Expansion Ratio 10 Expansion Ratio 10 
Half Life (s) >20 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
18.25 
Bitumen Spread 
Rate (kg/m^2) 
17.88 
Bitumen Spread 
Rate (kg/m^2) 
16.79 
Comments 
  
Lot 23 
Stabilisation Date 23/10/2013 
Characteristic Relative Compaction (Q) 106.2 
Average Lime Spread Rate (kg/m^2) 7.73 
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Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 21.9 Expansion Ratio 18.4 Expansion Ratio 18.4 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
185-175 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
17.4 
Bitumen Spread 
Rate (kg/m^2) 
17.16 
Bitumen Spread 
Rate (kg/m^2) 
17.67 
Comments 
Although the lime spread rate average was good the outer run was spread a bit heavy at 
9.52kg/m^2 and the middle run was spread light at 6.34kg/m^2.  
Lot 24 
Stabilisation Date 24/10/2013 
Characteristic Relative Compaction (Q) 106 
Average Lime Spread Rate (kg/m^2) 7.95 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 10.93 Expansion Ratio 26.9 Expansion Ratio 26.9 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
185-175 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
17 
Bitumen Spread 
Rate (kg/m^2) 
18 
Bitumen Spread 
Rate (kg/m^2) 
17.04 
Comments 
Although the lime spread rate average was good the outer run was spread a bit heavy at 
9.75kg/m^2 and the centreline run was spread light at 6.48kg/m^2.  
Lot 25 
Stabilisation Date 25/10/2013 
Characteristic Relative Compaction (Q) 106.2 
Average Lime Spread Rate (kg/m^2) 7.99 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 19.4 Expansion Ratio 19.4 Expansion Ratio 10.93 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
185-180 
Bitumen 
Temperature (°C) 
190-185 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.63 
Bitumen Spread 
Rate (kg/m^2) 
17.58 
Bitumen Spread 
Rate (kg/m^2) 
16.4 
Comments 
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Lot 26 
Stabilisation Date 26/10/2013 
Characteristic Relative Compaction (Q) 103.7 
Average Lime Spread Rate (kg/m^2) 8.66 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 11.6 Expansion Ratio 10.93 Expansion Ratio 10.93 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-178 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.5 
Bitumen Spread 
Rate (kg/m^2) 
17.76 
Bitumen Spread 
Rate (kg/m^2) 
16.15 
Comments 
  
Lot 27 
Stabilisation Date 28/10/2013 
Characteristic Relative Compaction (Q) 103.7 
Average Lime Spread Rate (kg/m^2) 7.56 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 19.8 Expansion Ratio 11.66 Expansion Ratio 11.66 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-172 
Bitumen 
Temperature (°C) 
185-180 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
17.62 
Bitumen Spread 
Rate (kg/m^2) 
17.52 
Bitumen Spread 
Rate (kg/m^2) 
16.64 
Comments 
  
Lot 28 
Stabilisation Date 29/10/2013 
Characteristic Relative Compaction (Q) 105.8 
Average Lime Spread Rate (kg/m^2) 7.34 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 17.5 Expansion Ratio 10.6 Expansion Ratio 10.6 
Half Life (s) 21 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.18 
Bitumen Spread 
Rate (kg/m^2) 
18.19 
Bitumen Spread 
Rate (kg/m^2) 
16.39 
Comments 
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3.4.3.1 Discussion 
Establishment 3 was constructed between the 14
th
 of October 2013 and 1
st
 of November 
2013, this includes the start of the shape correction all the way to the primer seal. It can be 
noted that three of the lots (Lots 23, 24 & 25) passed the requirement of achieving a 106% 
characteristic relative compaction.  
3.4.4 Establishment 4 
Establishment 4 is broken up into eight lots. Each lot consisting of lime and bitumen 
stabilised width of 5.5 metres. RMS commenced shape correction on the 8
th
 of November 
2013 in order to establish the project for the contractors to commence stabilising. 
Stabilisation commenced on the 12
th
 of November 2013 and finished on the 20
th
 of November 
2013. In this establishment the south bound lane was constructed first. The details on each lot 
are shown in the lot diagram in Figure 74 and Table 19. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 79 – Bellata stage 2 establishment 4 lot diagram 
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The lot diagram for Bellata FBS stage 2 establishment 4 above shows the detail of the lot 
sizes and locations. The diagram was used during construction as well as monitoring the 
establishment after construction. The lime spread rates for this establishment have been 
reduced to 1% quicklime instead of 1.52% quicklime. Details of the spread rates, compaction 
and foam bitumen for each lot are shown below in Table 19. 
Table 21 – Establishment 4 lot details 
Lot 30 
Stabilisation Date 12/11/2013 
Characteristic Relative Compaction (Q) 105.5 
Average Lime Spread Rate (kg/m^2) 5.21 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 22.3 Expansion Ratio 8.46 Expansion Ratio 6 
Half Life (s) >40 Half Life (s) >50 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.7 
Bitumen Spread 
Rate (kg/m^2) 
17.8 
Bitumen Spread 
Rate (kg/m^2) 
17.06 
Comments 
  
Lot 31 
Stabilisation Date 13/11/2013 
Characteristic Relative Compaction (Q) 105.9 
Average Lime Spread Rate (kg/m^2) 5.135 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 13 Expansion Ratio 10 Expansion Ratio 10 
Half Life (s) >40 Half Life (s) >55 Half Life (s) >55 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
185-175 
Bitumen 
Temperature (°C) 
190-185 
Bitumen Spread 
Rate (kg/m^2) 
18.06 
Bitumen Spread 
Rate (kg/m^2) 
17.5 
Bitumen Spread 
Rate (kg/m^2) 
17.76 
Comments 
  
Lot 32 
Stabilisation Date 14/11/2013 
Characteristic Relative Compaction (Q) 104.7 
Average Lime Spread Rate (kg/m^2) 5.67 
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Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 16.5 Expansion Ratio 19.6 Expansion Ratio 7.3 
Half Life (s) >30 Half Life (s) >30 Half Life (s) >55 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-175 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
18.1 
Bitumen Spread 
Rate (kg/m^2) 
17.6 
Bitumen Spread 
Rate (kg/m^2) 
17.7 
Comments 
  
Lot 33 
Stabilisation Date 15/11/2013 
Characteristic Relative Compaction (Q) 104 
Average Lime Spread Rate (kg/m^2) 5.4 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 11.96 Expansion Ratio 13.6 Expansion Ratio 7.54 
Half Life (s) >40 Half Life (s) 10.46 Half Life (s) 13.72 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
187-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
18.2 
Bitumen Spread 
Rate (kg/m^2) 
17.77 
Bitumen Spread 
Rate (kg/m^2) 
17.6 
Comments 
The bitumen for the middle and outer run was a bit watery, not foamy. Four foam bitumen tests 
were undertaken on the bitumen tanker that undertook runs 2 & 3. 
 
Lot 34 
Stabilisation Date 16/11/2013 
Characteristic Relative Compaction (Q) 102.9 
Average Lime Spread Rate (kg/m^2) 5.06 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 15.67 Expansion Ratio 14.2 Expansion Ratio 9.6 
Half Life (s) >45 Half Life (s) >30 Half Life (s) >55 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-175 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
18.1 
Bitumen Spread 
Rate (kg/m^2) 
17.47 
Bitumen Spread 
Rate (kg/m^2) 
18 
Comments 
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Lot 35 
Stabilisation Date 17/11/2013 
Characteristic Relative Compaction (Q) 104.6 
Average Lime Spread Rate (kg/m^2) 5.37 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 17.42 Expansion Ratio 12.6 Expansion Ratio 12.6 
Half Life (s) >25 Half Life (s) >40 Half Life (s) >40 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
195-190 
Bitumen 
Temperature (°C) 
197-195 
Bitumen Spread 
Rate (kg/m^2) 
17.89 
Bitumen Spread 
Rate (kg/m^2) 
18.14 
Bitumen Spread 
Rate (kg/m^2) 
17.52 
Comments 
  
Lot 36 
Stabilisation Date 19/11/2013 
Characteristic Relative Compaction (Q) 104.1 
Average Lime Spread Rate (kg/m^2) 5.042 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 12.46 Expansion Ratio 12.46 Expansion Ratio 8.72 
Half Life (s) 8.28 Half Life (s) >25 Half Life (s) >20 
Bitumen 
Temperature (°C) 
190-187 
Bitumen 
Temperature (°C) 
186-175 
Bitumen 
Temperature (°C) 
190-186 
Bitumen Spread 
Rate (kg/m^2) 
17.91 
Bitumen Spread 
Rate (kg/m^2) 
18.01 
Bitumen Spread 
Rate (kg/m^2) 
17.01 
Comments 
  
Lot 37 
Stabilisation Date 20/11/2013 
Characteristic Relative Compaction (Q) 106.1 
Average Lime Spread Rate (kg/m^2) 5.56 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 11.5 Expansion Ratio 14.9 Expansion Ratio 8.72 
Half Life (s) >25 Half Life (s) >20 Half Life (s) >40 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
187-175 
Bitumen 
Temperature (°C) 
188-187 
Bitumen Spread 
Rate (kg/m^2) 
17.96 
Bitumen Spread 
Rate (kg/m^2) 
17.90 
Bitumen Spread 
Rate (kg/m^2) 
17.21 
Comments 
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3.4.4.1 Discussion 
Establishment 4 was constructed between the 8
th
 of November 2013 and 23
rd
 of November 
2013, this includes the start of the shape correction all the way to the primer seal. It can be 
noted that only one of the lots (Lot 37) passed the requirement of achieving a 106% 
characteristic relative compaction. 
3.4.5 Establishment 5 
Establishment 5 is broken up into eight lots. Each lot consisting of lime and bitumen 
stabilised width of 5.5 metres. RMS commenced shape correction on the 26
th
 of November 
2013 in order to establish the project for the contractors to commence stabilising. 
Stabilisation commenced on the 5
th
 of December 2013 and finished on the 13
th
 of December 
2013. In this establishment the south bound lane was constructed first. The details on each lot 
are shown in the lot diagram in Figure 75 and Table 20. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 80 – Bellata stage 2 establishment 5 lot diagram 
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The lot diagram for Bellata FBS stage 2 establishment 5 above shows the detail of the lot 
sizes and locations. The diagram was used during construction as well as monitoring the 
establishment after construction. The lime spread rates for this establishment have been 
reduced to 1% quicklime instead of 1.52% quicklime. Details of the spread rates, compaction 
and foam bitumen for each lot are shown below in Table 20. 
Table 22 – Establishment 5 lot details 
Lot 39 
Stabilisation Date 5/12/2013 
Characteristic Relative Compaction (Q) 104.6 
Average Lime Spread Rate (kg/m^2) 5.65 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 24 Expansion Ratio 22 Expansion Ratio 6.95 
Half Life (s) >20 Half Life (s) >20 Half Life (s) >45 
Bitumen 
Temperature (°C) 
188-175 
Bitumen 
Temperature (°C) 
185-178 
Bitumen 
Temperature (°C) 
190-186 
Bitumen Spread 
Rate (kg/m^2) 
17.7 
Bitumen Spread 
Rate (kg/m^2) 
17.3 
Bitumen Spread 
Rate (kg/m^2) 
18.37 
Comments 
  
Lot 40 
Stabilisation Date 6/12/2013 
Characteristic Relative Compaction (Q) 106 
Average Lime Spread Rate (kg/m^2) 5.23 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 10.29 Expansion Ratio 11.2 Expansion Ratio 11.2 
Half Life (s) >50 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
18.01 
Bitumen Spread 
Rate (kg/m^2) 
17.27 
Bitumen Spread 
Rate (kg/m^2) 
17.28 
Comments 
  
Lot 41 
Stabilisation Date 7/12/2013 
Characteristic Relative Compaction (Q) 104.8 
Average Lime Spread Rate (kg/m^2) 6.62 
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Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 10.67 Expansion Ratio 11.96 Expansion Ratio 11.96 
Half Life (s) >20 Half Life (s) >45 Half Life (s) >45 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.42 
Bitumen Spread 
Rate (kg/m^2) 
17.7 
Bitumen Spread 
Rate (kg/m^2) 
17.5 
Comments 
  
Lot 42 
Stabilisation Date 9/12/2013 
Characteristic Relative Compaction (Q) 105.1 
Average Lime Spread Rate (kg/m^2) 5.39 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 34 Expansion Ratio 28.17 Expansion Ratio 6.29 
Half Life (s) >30 Half Life (s) >30 Half Life (s) >55 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
16.78 
Bitumen Spread 
Rate (kg/m^2) 
17.78 
Bitumen Spread 
Rate (kg/m^2) 
17.06 
Comments 
  
Lot 43 
Stabilisation Date 10/12/2013 
Characteristic Relative Compaction (Q) 104.7 
Average Lime Spread Rate (kg/m^2) 5.1 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 12.46 Expansion Ratio 11.96 Expansion Ratio 11.96 
Half Life (s) >40 Half Life (s) >20 Half Life (s) >20 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
188-175 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.78 
Bitumen Spread 
Rate (kg/m^2) 
17.29 
Bitumen Spread 
Rate (kg/m^2) 
17.82 
Comments 
  
Lot 44 
Stabilisation Date 11/12/2013 
Characteristic Relative Compaction (Q) 106.1 
Average Lime Spread Rate (kg/m^2) 4.89 
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Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 17.42 Expansion Ratio 14.22 Expansion Ratio 14.22 
Half Life (s) >20 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
186-180 
Bitumen 
Temperature (°C) 
190-186 
Bitumen Spread 
Rate (kg/m^2) 
17.66 
Bitumen Spread 
Rate (kg/m^2) 
17.28 
Bitumen Spread 
Rate (kg/m^2) 
17.56 
Comments 
  
Lot 45 
Stabilisation Date 12/12/2013 
Characteristic Relative Compaction (Q) 106.2 
Average Lime Spread Rate (kg/m^2) 5.3 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 28.17 Expansion Ratio 25.9 Expansion Ratio 25.9 
Half Life (s) >25 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
190-180 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.95 
Bitumen Spread 
Rate (kg/m^2) 
17.6 
Bitumen Spread 
Rate (kg/m^2) 
17.5 
Comments 
  
Lot 46 
Stabilisation Date 13/12/2013 
Characteristic Relative Compaction (Q) 106.1 
Average Lime Spread Rate (kg/m^2) 5.8 
Run 1 - Centre line Run 2 - Middle   Run 3 - Outer 
Width (m) 2.4 Width (m) 2.4 Width (m) 0.9 
Expansion Ratio 16.5 Expansion Ratio 25.92 Expansion Ratio 25.92 
Half Life (s) >20 Half Life (s) >25 Half Life (s) >25 
Bitumen 
Temperature (°C) 
180-170 
Bitumen 
Temperature (°C) 
188-180 
Bitumen 
Temperature (°C) 
190-188 
Bitumen Spread 
Rate (kg/m^2) 
17.66 
Bitumen Spread 
Rate (kg/m^2) 
17.97 
Bitumen Spread 
Rate (kg/m^2) 
17.06 
Comments 
  
3.4.5.1 Discussion 
Establishment 5 was constructed between the 26
th
 of November 2013 and 19
th
 of December 
2013, this includes the start of the shape correction all the way to the primer seal. It can be 
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noted that four of the lots (Lots 40, 44, 45 & 46) passed the requirement of achieving a 106% 
characteristic relative compaction. 
3.4.6 Bellata FBS Stage 2 Results and Observations 
This section of the report reveals the results that support the findings and observations that 
were obtained after the construction stage of the Bellata FBS stage 2 project. Although the 
results are not as detailed as those obtained from the Tycannah FBS project as the Bellata 
FBS project was constructed after. The results and observations were obtained during and 
post construction.  
3.4.6.1 Bitumen Content 
The sample material for the bitumen content test was taken from the field during 
construction. Material was sampled before and after the foam bitumen was mixed into the 
pavement, therefore an accurate foam bitumen content reading was achieved. Figure 81 
below shows the target bitumen content of 3.5% and the actual bitumen contents taken from 
the material samples. 
 
Figure 81 – Bitumen content at the Bellata FBS stage 2 – northern section 
Figure 81 above and Table 23 below are the bitumen content test results for the northern 
section of Bellata stage 2. 
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Table 23 – Foam bitumen content for the northern section of Bellata FBS stage 2 
Sample 
Number 
Before 
FBS (%) 
After 
FBS (%) 
Bitumen 
Content (%) 
Chainage & Offset Lots 
P1 0.40 4.30 3.90 
CH: 42.691km at 
4.4m from left edge 
Lot 5 
P2 0.70 5.00 4.30 
CH: 42.855km at 
1.1m from left edge 
Lot 5 
P3 1.00 3.80 2.80 
CH: 42.922km at 
1.1m from left edge 
Lot 1 
P4 1.20 4.60 3.40 
CH: 43.004km at 
5.3m from left edge 
Lot 1 
P5 0.60 3.50 2.90 
CH: 43.212km at 
2.2m from left edge 
Lot 2 
P6 0.50 3.40 2.90 
CH: 43.228km at 
2.2m from left edge 
Lot 2 
P7 1.10 4.80 3.70 
CH: 43.294km at 
4.4m from left edge 
Lot 2 
P8 0.80 4.40 3.60 
CH: 43.310km at 
4.4m from left edge 
Lot 2 
P9 1.50 3.90 2.40 
CH: 43.376km at 
5.3m from left edge 
Lot 2 
P10 0.80 4.60 3.80 
CH: 43.458km at 
1.1m from left edge 
Lot 2 
P11 0.90 4.00 3.10 
CH: 43.536km at 
1.1m from left edge 
Lot 3 
P12 1.00 4.30 3.30 
CH: 43.699km at 
4.4m from left edge 
Lot 7 
P13 1.30 4.40 3.10 
CH: 43.700km at 
4.4m from left edge 
Lot 3 
P14 1.00 4.30 3.30 
CH: 43.781km at 
2.2m from left edge 
Lot 7 
P15 0.70 3.30 2.60 
CH: 43.923km at 
1.1m from left edge 
Lot 4 
P16 0.90 3.90 3.00 
CH: 44.004km at 
2.2m from left edge 
Lot 8 
P17 0.70 4.20 3.50 
CH: 44.086km at 
3.3m from left edge 
Lot 8 
P18 0.90 4.40 3.50 
CH: 44.087km at 
3.3m from left edge 
Lot 4 
P19 0.90 5.00 4.10 
CH: 44.438km at 
3.3m from left edge 
Lot 9 
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P20 0.60 4.50 3.90 
CH: 44.876km at 
3.3m from left edge 
Lot 16 
P21 0.10 3.50 3.40 
CH: 45.397km at 
3.3m from left edge 
Lot 12 
P22 0.60 4.50 3.90 
CH: 45.875km at 
3.3m from left edge 
Lot 18 
P23 0.40 3.90 3.50 
CH: 45.823km at 
4.4m from left edge 
Lot 13 
P24 0.70 3.90 3.20 
CH: 45.905km at 
1.1m from left edge 
Lot 13 
P25 1.90 5.70 3.80 
CH: 45.993km at 
1.1m from left edge 
Lot 13 
P26 0.20 3.30 3.10 
CH: 46.127km at 
1.1m from left edge 
Lot 14 
P27 0.10 2.80 2.70 
CH: 46.145km at 
3.3m from left edge 
Lot 14 
P28 0.40 3.60 3.20 
CH: 46.291km at 
1.1m from left edge 
Lot 14 
Average 0.78 4.14 3.35 
   
The average bitumen content for the northern section of Bellata stage 2 was 3.35% with a 
variation of 1.9%. These results are only just lower than the required mix design and are a lot 
better than those achieved at the Tycannah FBS project and Bellata FBS stage 1 project. 
3.4.6.2 Longitudinal Cracks 
Longitudinal cracking has visually appeared in both the southbound and northbound lanes of 
all the establishments, although some establishments are shown much more severe cracking 
to others. The initial cracking was first seen in establishment 3 and was not continues along 
the same offset. The cracking was located in various offsets such as 0m, 1.9m, 2.6m and 2.8m 
from the centreline. Cracking can be split into two principal causes one of which is traffic 
loading and the other environmental (due to expansive subgrades, moisture changes, etc.). In 
this circumstance the cracking is environmental. Although environmental and reflective 
cracking can occur across the entire pavement surface but its severity may well be 
exacerbated by trafficking (Moffatt & Hassan, 2006). The locations of the longitudinal cracks 
located at the northern section of Bellata – stage 2 FBS project are shown below in Tables 24. 
The cracks were measured on the 11
th
 of June 2013. 
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Table 24 – Longitudinal cracking at the northern section of Bellata stage 2 
Location (m) 
NB Lane Measured 
from Centreline (m) 
SB Lane Measured 
from Centreline (m) 
Comments 
Es
ta
b
lis
h
m
en
t 
1
 
20       
100       
200 0     
300       
400       
500 0     
600 0, 0.8, 3.3 1.3   
700 0     
800 0     
900 0     
1000 0     
1100 0     
1200 0, 2.1 2.2   
1300 0     
1400 0     
1500 0     
1600 0     
Es
ta
b
lis
h
m
en
t 
2
 
20 0     
100 0.5     
200 0.5     
300       
400   0.3   
500 2.2, 3.0     
600 2.7     
700   1.1   
800   1.1   
900   2.1   
1000       
1100   1.8   
1200   5, 6.4 Crack in batter 
1300 6.2 2.4, 5.9, 6.3 Crack in batter 
1400       
1500 2.1, 3.1 2.5   
1600 0, 6.9 8.2 Crack in batter 
1700 0 7.3 Crack in batter 
1800       
1900 0.9 7.8 Crack in batter 
2000 0, 1.1 2.6   
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The initial longitudinal cracking in establishment 1 is predominantly located along the 
centreline where the construction joint between lots is located. The cracking in establishment 
2 show that the cracks located in the batter which is a clear sign of expansive sub-grade soils. 
The locations of the longitudinal cracks located at the southern section of Bellata – stage 2 
FBS project are shown below in Tables 25. The cracks were measured on the 10
th
 of June 
2013. 
Table 25 – Longitudinal cracking at the southern section of Bellata stage 2 
Location (m) 
NB Lane Measured 
from Centreline (m) 
SB Lane Measured 
from Centreline (m) 
Comments 
Es
ta
b
lis
h
m
en
t 
3
 
20 0 0.8, 2.6   
100 1.9 2   
200 0, 1.9 1.6   
300 0, 3 0.6   
400 0, 2.8, 4.8     
500 0 0.9, 1.7   
600 0, 0.9     
700 2.9     
800 0.5, 5.1 6.6 Crack in batter 
900 0.5 2.6   
1000 0.3, 2.9     
1100 0     
1200 0, 2.6     
1300 0, 2.6     
1400 0     
Es
ta
b
lis
h
m
en
t 
4
 
20 0.4     
100       
200       
300       
400       
500       
600       
700 0.5     
800   0.2   
900       
1000       
1100       
1200 0 0.5   
1300 0     
1400       
1500       
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Es
ta
b
lis
h
m
en
t 
5
 
20       
100       
200       
300       
400       
500       
600       
700       
800       
900       
1000       
1100       
1200 0     
1300       
1400       
1500       
 
It can be seen in Tables 24 and 25 that establishments 1, 2 and 3 are affected by the 
longitudinal cracking more than establishments 4 and 5. This shows that the amount of lime 
used in the stabilisation process has an effect on the 
severity of the longitudinal cracks. The cracking at 
the Bellata stage 2 project has increased since the 
cracks were measured although the pattern remains 
the same. It can be seen with a simple drive through 
of the site that the cracks are more severe where it 
was stabilised with 1.52% as opposed to the 1% at 
establishments 4 and 5. The longitudinal cracks that 
are located in the batters are a clear sign of reflective 
cracking from the expansive sub-grade soils (see 
Figure 82). This suggests that the cracking is caused 
by the expansive sub-grade soil, while being 
exacerbated by the traffic loading, construction joints 
and resilient modulus (stiffness) of the pavement. 
The stiff foam bitumen layer has made the pavement 
more susceptible to cracking with the movement in 
the sub-grade soils below the pavement.   
Figure 82 – Longitudinal crack in the batter located 
in the northern section of Bellata stage 2 
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The longitudinal cracking was also found to be located on either side of the Bellata foam 
bitumen stabilisation project. This is seen in Figures 83 and 84.  
The similar cracking located on either side of the Bellata FBS project shows us that the FBS 
process is not the cause of the cracking and only further supports the fact that the expansive 
sub-grade soils are the main cause of the cracking.     
 
 
 
 
 
 
 
Figure 83 – Longitudinal cracks south of the Bellata FBS 
project 
Figure 84 – Longitudinal cracks north of the Bellata FBS 
project 
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Chapter IV 
4. Conclusion 
The foam bitumen stabilisation process was used to rehabilitate the road pavement using the 
existing and imported granular material binding it all together with the foam bitumen. The 
report provided an overview of the foam bitumen stabilisation process and its history through 
review the existing literature, this in turn helped better understand the foam bitumen 
stabilisation process. The foam bitumen was applied to the existing road pavement at two 
different locations between Narrabri and Moree on the Newell Highway.  
This report focused on both the Tycannah FBS project and the Bellata FBS project. The main 
aim of the project was to assist in determining whether FBS is the most effective process in 
dealing with improving the condition of the road in some areas along the highway, due to the 
high amount of stress the highway receives from the high intensity of traffic and the 
expansive subgrades. The projects were monitored and analysed in order to determine if foam 
bitumen stabilisation is an appropriate rehabilitation technique to use between Narrabri and 
Moree over the highly expansive clay soils. While monitoring the Tycannah FBS project 
longitudinal cracking started to appear. The cracking prompted the need to determine why 
and therefore core investigations were undertaken. Through investigations and observations it 
was found that the resilient modulus or stiffness of the pavement was higher than what was 
required from the R76 specification. Although it was found that the high resilient modulus 
was not the primary cause of the cracking but was merely an exacerbation. This information 
was determined during the Bellata FBS project, hence the reduction of lime in the mix 
design. This reduction of lime has proven to be quite effective as the severity of the 
longitudinal crack was reduced significantly. The reduction of lime and in turn the stiffness 
of the pavement gave the adverse effect by increasing the flexibility or tension of the 
pavement which is needed over expansive sub-grades. The idea of having a foam bitumen 
layer is to increase the tension properties in the pavement to stop the reflective cracking or 
movement from the expansive sub-grade. The reflective cracking from the expansive sub-
grade has been observed to be the main reason of the cacking, which explains the variance in 
cracking between establishment 1 and 2 at the Tycannah FBS project as well as the cracking 
at Bellata stage 2. Therefore using the information and data retrieved for the report the mix 
design can be altered to determine the best mix design that caters for the pavements need to 
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be flexible in order to resist the movement in the sub-grade, while still having a high enough 
resilient modulus to cater for the traffic loading. It is still too early to determine whether or 
not foam bitumen is a pavement rehabilitation technique that can be applied to the road 
pavement between Narrabri and Moree, as different mix designs may be more successful than 
the ones used on the Tycannah FBS project and Bellata FBS project. Therefore just because 
the FBS projects in this study suffered longitudinal cracking doesn’t mean the process is 
unsuccessful, which leads onto some recommendations for future projects.                     
4.1 Recommendations 
The recommendations that should be applied to future FBS projects over the expansive clays 
on the Newell highway are: 
 Increasing the minimum foam bitumen layer depth to 275mm to ensure sufficient 
thickness (Vorobieff & Yin, 2013).  
 Continue with the 3.5% bitumen for flexibility but decrease the lime spread rate to 1 – 
1.25% hydrated lime, which is a further decrease to the 1% quicklime that was 
applied at establishments 4 and 5 of Bellata stage 2.  
A mix design for the decrease in lime should be undertaken in order to ensure that the 
resilient modulus is high enough to take the traffic loading of the Newell highway. Although, 
the initial resilient modulus doesn’t need to be as high as the required 700 MPa of the R76 
specification because the pavement doesn’t need to achieve the high early strength that the 
lime provides as the pavement can be left untrafficked for 48 hours. Therefore before foam 
bitumen can be ruled unsuccessful more mix and pavement designs need to be undertaken. If 
the foam bitumen is deemed unsuccessful over the expansive clays other pavement treatments 
could be trialled. Although, if another pavement treatment is undertaken it will need to 
consider the reflective cracking and movement from the expansive sub-grade soils. A 
pavement treatment that could be considered is the use of geo-grid under the base layers of 
the pavement as this will stop the reflective cracking from the expansive sub-grade soils by 
increasing the tension properties of the pavement.     
4.2 Concluding Remarks 
The existing pavement on the Newell highway between Narrabri and Moree is in poor 
condition due to the high traffic loading and expansive sub-grade soils. Therefore an 
appropriate pavement rehabilitation method is needed. The foam bitumen stabilisation 
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process could just be this method once the appropriate mix design is prepared. The success of 
foam bitumen is dependent on the collaboration of both public and private industries through 
the sharing of their research and experiences.  
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Appendix B – Climate and Weather 
 
 
 
Figure 85 – Moree Aero climate and weather averages between 1995 – 2013  
(Weather Zone, 2014) 
Figure 86 – Narrabri Airport AWS climate and weather averages between 2001 – 2013 
(Weather Zone, 2014) 
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Table 26 – Moree Aero rainfall data for 2013 
(Bureau of Meteorology, 2013) 
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Table 27 - Narrabri Airport AWS rainfall data for 2013 
(Bureau of Meteorology, 2013) 
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Table 28  –Bellata Post Office rainfall data for 2013 
(Bureau of Meteorology, 2013) 
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Table 29 – Moree Areo and Bellata post office rainfall data for 2014 
(Bureau of Meteorology, 2013) 
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Appendix C – Tycannah 
C.1 - March 2014 Rainfall Event 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 87 - Water in Table drain on the NB side in Establishment 1 
Figure 88 - Close up of water in table drain on the NB side in Establishment 1 
Figure 89 - Water in table drain on the SB side in Establishment 1 
 Page | 115  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 90 - Close up of water in the table drain on the SB side in Establishment 1 
Figure 91 - Culvert outlet at establishment 1 
Figure 92 - Water in table drain NB side rest area 
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Figure 93 - No water visually located in the table drain between the rest area exit and Wondah road 
intersection on the NB side (see Figure 55) 
Figure 94 - Small amount of water located in the table drain on the SB side before the entrance to 
the rest area (see Figure 55) 
Figure 95 - Water located in the table drain north of Wondah road 
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C.2 – Cracking at Tycannah FBS 
 
 
Figure 96 – Transverse crack located at cold joint between lots 3 and 5 (800m from start of project) 
Figure 97 – Transverse cracks secondary to the longitudinal cracks 
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Figure 99 – Longitudinal cracks located at beginning of Establishment 2 before SB rest area entrance 
Figure 98 – Large longitudinal crack located at Wondah Rd 
intersetion 
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Figure 100 – Longitudinal cracking after being crack sealed at Tycannah 
Figure 101 – Longitudinal cracking located at the entrance to the northbound rest area 
Figure 102 – More longitudinal cracking after being crack sealed 
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C.3 – Similar Cracking South of the Project 
Location Map 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tycannah Flood 
Plain 
Tycannah Creek 
Project Start 
Site 1 – 3.040km 
from start of project 
Site 2 – 3.418km 
from start of project 
Site 3 – 3.842km 
from start of project 
Site 4 – 4.891km 
from start of project 
Figure 103 - Map of other site near Tycannah FBS with similar longitudinal cracking 
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Site 1 
 
 
 
Figure 104 - Centreline longitudinal cracking at site 1 
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Site 2 
Figure 105 - Shoulder longitudinal crack site 2 
Figure 106 - Parallel longitudinal cracks at site 2 
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Figure 107 - Parallel longitudinal cracks at site 2 
Figure 108 - More parallel longitudinal cracks at site 2 
 Page | 124  
 
Site 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 109 - Parallel longitudinal cracks at site 3 
Figure 110 - Cracks located in the shoulder and in the traffic lane at site 3 
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Site 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 111 - Parallel longitudinal cracks located in various locations across the pavement 
Figure 112 - – More parallel longitudinal cracks located in various locations across the 
pavement 
Figure 113 - Shoulder crack parallel to longitudinal cracks in the pavement 
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Appendix D – Bellata Stage 1 
D.1 – Photos of Bellata Stage 1 FBS 
 
 
Figure 114 – Shoving located at the northern end of Bellata stage 1 
Figure 115 – Shoving and rutting in the northbound inner wheel path at Bellata stage 1 
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Appendix E – Bellata Stage 2 
E.1 – Photos of Bellata Stage 2 FBS 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 116 - Longitudinal crack in batter at Bellata stage 2 
Figure 117 – Crack gauge in longitudinal crack 
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Figure 118 – Separation between establishment 3 and 4 
Figure 120 – Longitudinal crack in outer wheel path in 
establishment 3 
Figure 119 – Longitudinal crack along centreline in 
establishment 3 
